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FOREWORD
Since 1963, the Human Resources Research Organization has conducted extA'nlsive

research tit) the percep~tual skills required of operators of man-ascendant air defense
weapons. Such weapon systems are visually sighted and frequently have no auxiliary
electronic systems for Use inl identifying or estimating the range of lowv flying aircraft.

Following on p~reliminary Exploratory Studies, a majority of the IlLumRR() re'searc-h
onl the visual detection, recognition, and ranging of low-flying aircraft wits accomplished
under Work Units STAR and SKY FIRE. A number of IlumRR0 Technical Reports
documented various phases of these extensive programs of applied research onl perceptual
performance and training.

The present report was p~rep~ared ats a SOur'e document that summarizes most of the
I lumRRO re-search, a; well ats contemporary applied research conducted by other humlan
factors groups in these areas. It encompasses all the known contempo~rary Un~classified
research on the subject.

The research was performed at 91.111111110 ivision No. 5, Fort Bliss, lexas. The
author, D~r. Robert D. Baldwin, wats Director of D~ivision No. 5 (luring the 1962-197(0
p~erio)d wvhen most Of Lhe rýesearch reported here was accom plished. lDr. .Albert L. Kubala
is the present Director of the D~ivision. Dr. Baldwin p~repared the present document, wit~i

* ~critical reviews contributed by lDr. Kulbala, lDr. Elmo E. Miller, and lDr. P'aul G. Whitmore,
all of Division No. 5.

Military sup~port throughout the p~eriod of these research projects was provided hy
the U .S. Army Air De-fense I lUman Research U nit. LTCl( Frank 1). Lawler is thel preseAnt
Military C'hief.

I L11m11R() research for the D~epartment of the- Army is t-onductt'd under C'ontractt
DAH(' 1 9-73-C-0t00-1 Army Training Hest-arch is conducted unde-r Army Project
2Q0i21 07A' 15.

Nleredith 1P. C rawford

Preside'nt

II uman Res-VatrtceS Hem'~A~rth Organm-~at:--sn



SUMMARY

BACKGROUND

During the past 10 years, there has been a substantial investment in research
concerning the abilities of ground observers to detect, identify, and estimate the distance
of low-flying aircraft. In that period, extensive programs of research on perceptual
abilities hate been conducted at I-lumRRO Division No. 5 for the U.S. Army, and a
number of technical reports documenting the various phases of these programs have been
published. The present report was prepared as a source document, summarizing most of
this IIumRRO work, as well as the research conducted in these areas by other human
factors research groups. These experimental and analytical studies originally were
-described in separate, isolated reports. The purpose of this summary presentation is to
integrate and evaluate the available unclassified information concerning (a) visual detec-
tion performance, (b) aircraft recognition ability and training methods, and (c visual
ranging ability against low-flying aircraft.

VISUAL DETECTION

Five major field experiments were conducted during 1960-1965 in the Southwest
United States and in Germany to evaluate man's ability to visually detect low-flying jet
aircraft. These experiments used varied periods of early warning, different sizes of search
sector, and different conditions for aided and unaided viewing.

Collectively, these experiments indicated that there was a strong deterministic
relationship between the range at which an aircraft was detected and the accuracy of the
early warning data provided. Detection ranges of less than 2,000 meters occurred when
seorclh sectors of 180' to 360' were used and no information was provided concerning
expected time of appe,arance. At the other extreme, detection ranges exceeding 12.000
meters occurred when 5" sectors were used and accurate information concerning "attack-
time was available.

'rhe use of hand-held binoculars during surveillance tasks did not facilitate detection.
In fact, when nearby terrain features blocked the view of the distant horizon, detection
with visual aids occurred later than when unaided search was used.

Aircraft altitude and the observer's location also influenced detectability. Aircraft at
500 feet tended to be seen sooner than those at 1,500 feet and observers who were
offset from the flight path tended to make detections sooner.

•The limited research on search techniques has yielded equivocal results. Attempts to
teach observers specific structured or systematic methods of sky search aided some
persons, bist hampered the effectiveness of others. There was a suggestion from the data
that instruction on systematic search methods did increase the effectiveness of persons
with average or below average visual efficiency. However, such training may have inter.
fered with established searching patterns developed by people with highly efficient visual
systems.

VISUAL RECOGNITION ABILITY

Iteseii rch conc'rning Oircraft recognition ability coiisIsts of two fulln-scait, stu(iie-
using a small number of actial, aircrart and two reduced-scale or mhitiaturized field studie*,
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using a larger variety of model aircraft. These studies were concerned with evaluating
man's accuracy in recognizing aircraft, and with determining the distance to the Lircraft
at the time it is recognized.

The full-scale tests were accomplished in conjUnction with visual detection tests. As
a result, the distances af. which the aircraft wer( recognized were affected by the
conditions established for visual detection as well as the recognition skills of the
observers. One full-scale Lest, which used large search sectors and no early warning,
obtained average recognition ranges of about 900 meters. On tile other hand, when small
search sectors and fairly accurate early warning were employed in another test, the
average recognition range was .1,000 meters.

A miniaturized test, which used about a dozen different aircraft models, obtained
even greater recognition ranges-as great as 10,000 meters for some multiengined aircraft.
Although "'professional" observers were used, the results of that test, coul)led with the
results of the full-scale tests, suggest that recognition range varies with recognition
accuracy. That is, the more highly motivated and trained observers tend to recognize
aircraft sooner as well as with greater- accuracy. This inference from tile collective results
of all the tests seems to rull counter to a commnnon-senst exp('ctation that accuracy should
be inversely related to aircraft distance.

A:n(other miniaturized field test evaltL:ited the recognition performance of cre.ýw chiefs
working with and without the assistance of forward olhservers. This test also provided

interesting bLIL conflicting results. The forward observer's preliminary judgments concern-
ing an aircraft's identity seenmed to facilitate the recognition decisions of some crew
chiefs, but interfered with the decisions of others. In many instances, crew chiefs made
their decisions before re(eiving the SUp)IOse(ly advanced input from the forward observer.

Optical aids have been found to increase the distance at which an aircraft is
recognized. Even though optics may interfere with initial detecttion. they (do increase tile
visibility of the distinguishing features by which aircraft art, discriminated.

AIRCRAFT RECOGNITION TRAINING

The principal aircraft recognition training method available in the early 1960s was
basically u0nchanged from that Used by U.S. armed forces in World War II. TheIl metolod
consisted of a dubious mixture of techniques based upon (liametrically opposed conct'epts
concerning shape for form discrimination learning. One 'on('et, proposed in the 19.1Os
by Sam uel len shaw, (emnllhasized learning to recogv ize whole shapes or images that were
pres(ented to students for very brief time intervals by means of tachistoscopes. A secon(d.
opposed. concept enllphasized the learning of the component parts of aircraft. Called
"WEPT." it emiployed the technical terms used by the aviation industry for describing
the WVings, Engines, I"LlS(,lage, anid Tail IaSSelllblies.

lthough research results refuting the claimi(ed advantages of tile Renshaw "'whole
image" approach were available dUiring World War II. they wvre largely' buried in retired
files and we(,re only recently brought to Iight again. flowever, in tilh, mid- 96()s. I luml1l1O
psychologists began evl uat ions of alternativ nmethods for teaching aircraft recognition.
Tihesev valua tions inldiiatied that the mixtutre of concepIts that had evvolved fronm expein.
ence in World War II did not poiodlce the level ofr recognition lporiciency de4sired by tile
arme(I rforves.



As a result of extensive applied research, a set of techniques and training aids were
identified that would produce the desired proficiency levels-the Ground Observer Air-
craft R•ecognition (GOAR) method, The GOAR techniques emphasize the initial learning
Pof aircraft features that distinguish one shape from another, followed by discrimination
training in which pairs of similar aircraft are viewed simultaneously, and culminating in
recognition practice with single images presented successively using a stimulus-response-
feedback paradigm. Throughout this learning cycle, esoteric technical descriptors and
extremely short viewing intervals are avoided.

Additional research was performed to evaluate training methods for self-study use
that used printed images rather than optical projection of aircraft forms. This research
indicated that the GOAR techniques originally developed for classroom use were also
optimal for self-study applications.

RANGE ESTIMATION

MuCh of the past research on distance estimation has been concerned with judging
the range to ground-based objects. Very little was known about observers' accuracy in
judging the distance i1o moving -erial objects. An extensive .6ries of studies was begun by
IlumRRO( in 1965 on measuring estimation accuracy, evaluating training methods, using
simple stadimetric aids for ranging, and identifying factors that affect accuracy in judging
the sizes and distances of objects.

Training techniques that used cueing and knowledge of results were evaluated, but
they were found to produce less accuracy than was obtained by using stadimetric aids in
an "open fire" event that was judged by comparing the apparent size of the target with
the size of a reference or stadia rod.

Field tests of ranging errors without stadia refec'nces indicated that judgmental
errors varied with the distance to be estimated.

For distances heyond 3.00(0 meters. observers judged the aircraft to be more distant
than was actually the case (an overestimation). however, for distances less than 1,400 to
1,500 meters the aircraft range tended to he underestimated (i.e., aircraft was erroneously
judged as nearer).

Factors such as obsrver offset, aircraft altitude, and illumination were evaluated. In
one study, error magnitude decreased as offset increased. Although illumination did not
affect accuracy, target altitude did. Error magnitude both with and without stadimetric
aids was not equal for incoming and outgoing directions.

Considerable research was done on the use of miniaturized training facilities in
which 1:50-scale model aircraft were moved toward and away from the observers. Most
of this res(earch concerned the use of stadimetric ranging aids for estimating open and
(,ease-fire events. Thesom, experiments indicated that reduced-scale training was effective
when measured by stadimetric accuracy in a full-scale environment involving actual
aircrart.

l{etention of stad imetric ranging skill .30 clays following reduced-scale training also
was of acceptable accuracy for judging the -open fire-, events on inbound aircraft. but
errors of 200 meters in judging a 1,500-meter "ce,;,e fir(e (velnt occurred. This tendency
for errors to be greater for outhounid than inhoui'd flights was found in most of the field
tests. Research is currently under way in Ilum'nV( Basic Research Program 16 to
i(l(,vnify the factors that (ause, errors in stadlimetric ranging.



CONTENTS

IN T R O D U C T IO N .................. .................................. 3

Chapter

I V ISUAL DETECTIO N ..................................... ..... 5
Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . b

F ield T ests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

The Gila Bend Tests ................................... 5

The W hite Sim ds Test ................................... 7

The Dona Ana Test . ...................... ............. 7

The Tonopah Test ..................................... 9

Visual Aids fo, Detection . ........ ............................. 11

Effect of Exhaust Fumes .......................................... 12

Location of the O bserver ....................................... 12

Seatch Patterns and Training ..................................... 12

2 AIRCRAFT RECOGNITION ABILITY .............................. 14
Reco•niittwen Ranq ;.... ......................................... 14

Backqtound ....... ............................ ....... 14

Re-qutem ents ......... .. ............................... 14

Gila Befid Tetms . . . . . . . . .. . . . . . . . . . . 14

Dona Ate Tint .. ........ ............... ........... ...... t5

T • ! ur ic Tests .... ... • . ... . . . ....... ... 10Cut~af lReftectatwO Effc~ts 19

Arimtaft Sue . . . .. 19

Ttotto mil Cotttiwwy.. 70

tt tusc4 fi5 AcomVI.Iý

3 AIRCRAFT RECOGNITION TRAINING METHODS

71wd %vvi kt #ihyd

. P • - -"

m77



Chapter Page

3 (Cont.) Analytic Studies of Classroom Methods ............................. 28

Minimum Training Views ................................. 28
Exposure Duration ..................................... 29

Successive vs. Simultareous Presentatior ....................... 29

Pairing Aircraft for Discrimination Learning ................... 29

Self Study and Small Group Techniques ............................. 30

4 RANGE ESTIMATION ................................. ......... 33

Introduction ................................ ............... 33

Definition of Range Estimation Error ............................... 33

Estimation of Aircraft Distance ................................... 34

Accuracy Without Feedback ............................... 34

Accuracy With Feedback ................................. 35

Effect of Observer Offset ................................. 35

Full-Scale Training Methods ..................................... 36

Comparison of Paired-Associate, Feedback, and

Stadimetric Methods ................................. 36

Altitude and Illum ination ................................. 37

Use of Helicoptors in Training ............................. 37

Training in Miniaturize. -ituations ................................. 39

Use of the Rifle as a Stadimetric Aid ......................... 40

Retention of Stadimetric Skill ............................. .41

Greater Error for Outbound Flight ......................... 42

"Laboratory Simulation of Stadimetric Tasks ......................... 43

1- 3ctors That Affect Accuracy ............ ....................... 44

Illum ination Level ..................................... 45

Target Altitude ......................................... 45

Estimation Accuracy and Other Skills ............................. 45

Tim e Estim ation ....................................... 45

Flicker Fusion ....... ................................ 46

Perceptual Style ....................................... 46

Literature 4 1tad .. ...... .... ...... . ...... ... ... . ...... ... ....... .... ... .. 49

Figures

1 Cumulative Probability That an Incoming Aircraft Will Be Detected by Given

Distances From Observer When All Search Sector Sizes and Both Altitudes

A re C,-m bined . ... ....... ... ... .... ... ... .... ...... .... ... ... .. 6

2 Detection Range for F-100 Aircraft ...................................... 8

3 Empirical Probabilities of Detection ....................................... 9

4 Effect of Aircraft Pange and Aircraft Type on Detection Probabilities ............. 10



Figures (Cont.) Page

5 Empirical Probabilities of Tentative Recognition for Three Jet Aircraft ............. .16

6 Empirical Probabilities of Positive Recognition for Three Jet Aircraft ............... .16

7 Results of Full-Scale and Miniaturized Recognition Range Tests ................... !8

8 Rate of Change of Aircraft Subtended Angle as a Function of Range ............... 44

x i



Capabilities of Ground Observers to
Locate, Recognize, and Estimate
Distance of Low-Flying Aircraft



INTRODUCTION

In the past decade, there has been a substantial investment in research on the
perceptual abilities of ground observers to detect, identify (or recognize), estimate the
range of. and engage low-flying aircraft.

In order to escape detection and engagement by radar-cont'olled air defense systems,
aerial attack tactics have emphasized the use of low altitude penetration and bombard-
rwt-nt procedures. To counter such attack procedures. the U.S. Army established require-
ments for the development and deployment of low altitude air defense systems. Becaus,
contemporary radar systems are unable to discriminate aircraft frcm adjacent terrain, the
new low altitude air defense systems were dependent upon the human operator for the
localization and identification of attacking aircraft. Many of these systems also depended
upon nan's "idgment as to when the aircraft was within the engagement envelope o. the
defen6 g weapon.

With the advent of s.uch low altitude weapons, military planners and training
agencies needed ivrormation concerning the limits of man's ability to accomplish the
rtequired pwerct-tual tasks. Operations research 0.-ganizations, both civilian and military,
ne Jed a data bank fron, viich to draw itiformation concerning human capabilities in
this areo. Military trainers rtqeded t. know the limits of human perceptual Jility, and to
acquire inr. rmation on techniques for maximizing thost humman abilities in the detection,
recognition, and range, #stim:.tion tasks.

Fer the most part, tie e.pertmental and analytica! studies that resulted from these
r,'quiremrents hav bren rrported in sepalate technical reports issued by various in-serice
ano contract ageltcies. Each individual exp-,riment or study, therefore, tends to stand in
;solatiorn. The pturpose of the present report is wo intvgz-ate and evaluate the information
collected during the pr-,st It. year% con-werning the per'eptuail skill and capabilities of
grtoundti~asd a•bservers.
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Chapter 1

VISUAL DETECTION

BACKGROUND

'1h1 sPequence of actions that cul1minates in a decision to engage an incoming aircraft.
begins with its detect ion and/or localization. The predominant emphasis in the perceptual
skills ex perimentat ion concerning gou nd observers has beenl Upon visual detection. This
enlliphasis on detection, rather than onl recognition, ranging, or other skills involved in
aircraft engagement, appears to hay" grown out of the predominant interests of military
op~erations research groupis in develop~ing modlels to assess the effectiveness of alternative
air de fvns,,' weapons at temnpt ing to engage hligh performance aircraft.

''l'he interest of war game( and silMulation specialists inl visual detection no doubt
resulted from their efforts to predict the technical capabilities and requirements of air
defense weap~ons that would at least match the outer hounds (if mail's capabilities to
enigage aircraft. Since thlt mlaximmil engagement range for anl air defense weapon is
dleterminedl by the max imum detect ion range of the hum an observer, there were more
requirements for exp)erimentat ion and research onl detection than onl the other lperceptUaI
skills. Tlhe ot hcr petrc'eptua~l skills, such as aircraft recognition, friend-foe idlentification.
and range t-stimation. undlouhtedlv o' cup1llied less attention onl the part of military
planners and analysts because of thet assumption that aids to recognition (such as
electronic, interrogation equip~ments) and aids for de~termining open-fire range (such as
shorter range radar equLip~ments) would reduce sonmewhat the burden onl thev human
ob.'At'rver for accomplishi~ng these functions.

FIELD TESTS

THE GILA BEND TESTS

Wi.thb tilt- exce-pt ions of one t-ljtssifiedI D~epartmen t of' D efense st udy and anl ex pen-
Ineft condor tetd if- (4ermiaIly. all viual de-htect lo vx~ mrinmintat ion has been l1erformed in
a dem.eri entvironnient. The earlit-st of thet recent studies, onl detectt ion wvas cond uctedl by
~the 1'.S. Armyv Ilum.ai ngEignver'nig L~abora tories MlEL) . as reportedI by Wokoun M1. The

IMI E. ,1t1cy %V.IN- )cm1rnled WithI the effectvt'iyt--ý of thet ground observer in detecting andl~
idletit fying, jet .11riraft. as Ti func-tion of thet sime of the- -44tor being s'redand thev
aire-rart iltitudvs,

11Wc MII . -tkudy wva, vondctu-td at ( il". B~endu. Arizona over a five-day periodl in
Seplemiu-ir 19.59. It imolvtl-ed unaided~t del t-t-tion of .iirt'raft with noi provisionl for early
walrning! vaitir temp4arally or s.patilllll.. .\1 tit thme n'. mete-orological visibility was greater
than 15 mf, lv% and Ihe arrftwi're j'rewnte ac igains~t a clear sky. Wokoun rep~ort, d (data
fo r 15 miihjet Is.. Ali ol)' rvi'r, had visual acto'ly ol 20 22 or be-tter, and were, be-twevn tilt,
jJ4V c(i 19 .11nd 25Vargets to Ii* dtletetvt;' wer'*l. T33, F.S51, and F-100Ut jet fighter-s. *l'best'
aucrrahft lv% altmg ,t\ rourm-% that wvre randomnly st-he-dult'd during thet te-sts and at twvo
altitude". 504 antI I.i500t fertt. Wl'.adI were also) randomized ove'r trials. A\ircraft flew at a
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speed of approximately 400 knots. Prior to the test, observers were trained in the use of
a vertical scan or saw-tooth learching technique employing the far horizon as a touch
point to avoid empty field myopia. Only the detection data will be reported in this
chapter; the aircraft identification results will be presented later.

Four search sectors were used: 45', 900, 1800, and 360'. When the results were
summed over all four search sectors, 50% of f!! detections occurred when the aircraft
was at least 2,050 yards distant. A considerable number of interactions or variability in
the data occurred as a function of the width of the search sector and the target altitude.
In general aircraft at 500 feet were detected earlier than at 1,500 feet. There was some
suggostion that training or experience in the field situation tended to improve perform-
ance after one day of practice. In addition, as the crossover range increased, detection
range tended to increase (although not invariably), apparently because of the greater
visual angle presented by the aircraft as the aspect moved from head-on to tangential.
Figure 1 presents a summary of all Wokoun's field experimentation, showing the cumula-
tive percent of aircraft detected as a function of the distance of tne aircraft from the
observer. The narrower search sectors, 45' and 900, produced earlier detections than the
larger search sectors, 1800 and 3600. The combination of 450 search sector and aircraft
altitudes of approximately 500 feet produced the earliest detections.

Cumulative Probability That An Incoming Aircraft Will Be
Detected by Given Distances From Observer When All Search

Sector Sizes and Both Altitudes Are Combined

1.00- ---

.80 -.-
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. \
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THE WHITE SANDS TEST

The next major field experiment was conducted in October 1961 at White Sands
Missile Range (WSMR) north of El Paso, Texas (Zimmer and McGinnis, 2). Although
prelminmry instruction was given in vertical scan procedures, using the horizon as a
reference boundary, the 24 observers were told to use any scanning technique that
personally seemed to be effective. All observations were made unaided-that is, no optical
aids were used. Three types of aircraft were used: propeller, helicopter, and jet (T-33 and
F-100). The jet aircraft flew speeds varying between 200 and 400 knots.

Three alprt conditions were established for the observations. In one condition, all
observers were assigned a 30' search sector and were given 15 minutes warning concern-
ing the approach of an aircraft. In the second condition, the search sector was 180%, and
similar warning data were provided. In the third, the search sector was 180", but no time
of arrival or approach information was given.

Approximately 2,200 observations were obtained during the test period. Summing
over all observation conditions, the mean detection occurred at 5,130 yards, with a
standard deviation equal to 3,177 yards. Ninety percent of the detections occurred
between 1,200 and 11,200 yards. Although aircraft altitude varied between less than 150
feet to 3,200 feet, no consistent results concerning effects upon detection range occurred.
The data did suggest, however, that detection occurred sooner if the aircraft altitude was
between 150 and 1,200 feet. Altitudes below and above those limits tended to produce
later detections. The degree of alert established produced no consistent effects upon tho
detection ranges obtained, although the data suggest that increasing the amount of early
warning tended to increase the detection range. These results, however, were not statis-
tically significant.

The cumulative frequency of detection, as a function of aircraft distance, is shown
in Figure 2 for the F-100 aircraft. Fifty percent of the detections occurred prior to or by
the time the aircraft had approached within 3,500 meters.

THE DONA ANA TEST

In April 1965, a field experiment was conducted by HumRRO (Wright, 3) at Dona
Ana Range Camp, Fort Bliss, Texas, which employed the same general terrain as used for
the White Sands test. The terrain allowed for low altitude aircraft approaches up to 20
miles in length which were unobstructed by terrain masking. The principal objective of
the HumRRO field study was to determine mnn's unaided ability to visually detect and
recognize low altitude aircraft under optimtum field conditions with respect to early
warning. Only the detection data will he discussed in this chapter. In this field experi-
ment, the effectiveness of optical aids was also evaluated.

During the tests, visibility was greater than 90 miles for every test day, except one,
when it was not less than approximately 50 miles. Twenty-seven enlisted men served as
observers for the tests. All observers had visual acuity of 20/25 or better as measured by
the Armed Forces Vision Tester. As part of preliminary target detection training, all
observers were given training in search techniques, which consisted of practice in observ-
iiAi ý, iorizontal search scan with frequent orientation to distant terrain on the horizon.
The observers who werc to employ binoculars were trained in their use for search and in
techniques for holding binoculars steady.

Prior to the measured field test, the observers viewed 27 jet. 15 propeller, and V-9
helicopter passes before formal data collection lbgan. The targets consisted of F.]('.
F-100, and 'T"-33 jet aircraft, which flew at a sleed of approximately .100 knots at
100-300 feet altitude. Propeller aircraft targets consisted of a 0-1A. I,-6A, and 11-1A,
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which flew at speeds of approximately 100 knots and at altitudes between 100 and 300
feet. Data were also obtained on one OH-23 helicopter, which flew at a speed of about
75 knots at 100 feet or less.

During this test, 18 of the observers had no visual aids for aircraft detection, while
nine observers were issued 6X30 binoculars. Observers were stationed in three clusters,
with one group at the test control center over which all ffight paths converged, another
approximately 1,000 meters southeast of the test center, and the third about 2,000
meters north of the test center. Ten different flight paths were flown by the various
aircraft. At the start of each aircraft pass, monitors informed the observers that an
aircraft was inbound at a given clock position from their location.

A number of controlled factors were evaluated in the analysis, such as the use of
visual aids, the amount of offset, the aircraft type, and all interactions of these main
factors. As in prior field experiments, a considerable number of interactions occurred
among the variables. For those observers using unaided vision, the average distance of the
aircraft at the time of detection was 10,700 meters. For those equipped with 6X30
binoculars, the mean detection range was approximately 11,900 meters. The use of
optical aids tended to interact with the offset of the ohservers from the minimum crossing
range of the aircraft. Unaided detection was earlier than aided detection for the head-on
or incoming aircraft. In contrast, those observers equipped with the binoculars tended to
detect aircraft sooner than the unaided observers when the aircraft was flying a tangential
or offset course.

Figure 3 presents the cumulative p)robability curves for Wright's experiment, sunmed
over all aircraft and all conditions that were used. It can he seen that visual detection
occurred with a 50"; probability by the time the aircraft had at least appioached within
9,000 meters of the observer.

8
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Th'le detection probabilities for each of the three jet aircraft are presented in Figu~re I.1
As shown. the size of the aircraft appears to influence the likelihood that it will be
detected. The F-4C, the largest of the three aircraft Used, yielded a 50'; proal)aility of
detection at a distance greater than 1 4,000 meters. In contrast, the T-33, which was the
Smallest aircraft uIsed. had a comparable detection likelihood at only 7,000 meters.

THE TONOPAH TEST

A\ second aircraft dletection test was conductedl by I lumRR~ O during June aind July
1 965, neair TIovopah, Nevada 1 1I A. portion of the Tonopab tests was performed to)
ob~tain data concerning the effects onl v isitil detect ion of 4 ai the amiount of lateral offset
of the observers from the flight path of the aircraft, 1h.) the type of visual atid., used-t and
their optical power, andl 1 c) he amiount of early warning giveni the obst-rvers.. In part,
these tests were motivated by the resulits ob~tained earlier in the year by Wright. whio
found detect ion ranges considerably greater than t hos-v reported in the earlier. test.s-. Thet
eight observers usewl for these tests. Were Miil itary land civiltian re'%t-arcb pertintiel who
had been involved in the earlier detet-t ioni ex~periment

Theli aircraft flight path was over a wide, flat desert valley bevt\n cni two lines of
barren tninintains that began rising about 500 I'cet to the we'st and 1 ,5001 ft't't to the eav'd
of thet flight path s, growid project ion. 1114. tes-t sitv was- adjacent to 011 fligh t path onl
relatively flat terratin. The' observers v ere local-*d att fotir ohservat ion pot ( )P. at
dhst~anccs of 200. 1 .100, 2.600. and 3l,300nn m'r% pt'ri'ildictilar ito hi' whi lt Imi.

. *l'h aircraft flew an essentially north. tv-.qmth tIi r souith. tonorthI pattIei-m *V'o thle
southL. the vie-w of the air'craft wa-s it terrupited( by tilt' distalit horizon aplpro\ITiniately I .i)
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Miles aw'aY. As one moved front the near OP 1200 meters) to thle most distant Oil 0,300mete'rs). tile near terrain east of thle flight path inlcreasinlgly becanii the Inackground fortile flight path of the aircraft, Thle view of aircraft flights front the north was almnost ;is goodas that for those from thet sotith, if thle obmerver was located at 200 or 1,400 tneters frtom~
the flight path.

At thet time of target 'unnia~sk' 4 when it first blwcaine vtisible ablove tile ntearhorizon). thet aircraft had at sky backgrounid when viewed froin the 20 5-nieter 01". Forthe other Oils, thle aircraft had a terrain Itdistalit inounitaini blackgroundl at thle timet ofunm11ask. ['or those ohservtsrs, stationed~ At tile 2.600. andi .1.30 0 .nieter oils. a ridige
iintervened1 between' observer and aircraft On Z' nOrth-to-south flight. As;~ a re~cult, tiltohservers at these potsitions were tOot able to 7see thle aircraft tuntil it was Much nearrer tocrossover I the intermetion of tilt flight path and tilt obserVer's line of positions%) thanasthe case it the nearer O1's.

Vis-IbthtVy during thle test w43S never le," than -10 to 50 mules. Onl four tif the 20 tcrstday%. there wtere var ng amounts of cloudc cover. Sky brighitnek% during the tefIstig u-ariu'dfromn approeimately 1.5~00 foot-latubwrts tit the early morning to 3,400 foot -Iwtnberitita
tile late miorning.

One of the tests- was a VouilparISLO,n Of Unaided1 ohse4-rattOn VS. the ue (If 6\tbinoculars. for aircraft dletection. An V.UI aircraft wv& ussed for this- lest. llth averagerallge of the airt-raft at the4 itime of detection wma 11.900 miefers. fot unauded observation.and 1 2.200 mneters, when 6X30 hsintwialars were it"d. Thim difference w"s not %tatusmw-ally
significant.

A third test e-valuate4d aircraft detection range a% a function of tile amnouint of Cadlywarning provicled the obe Ies wo levels of early warning were timd: I minute amd 5

itt



n'inut.'s. prior to aircraft appearaact- on the, hurt-ton. thstest used tin' P-'105 aircraft,
wihjtl flew courses involving bo0th near and distant terrain mvskang. I'mider dtstinti
masking c-onciitionis, the mean rlett'ction ranges. when ave'raged over aiil Of's,. were 12,150
meters for the 1-minute early '-miningt condition, an(' 12,7.50 meters for thle 5-minute
early warning. Unde near amaking conditions. the, del•'clion ra.nges were -1,600 and .5,000
net'eirs for the' 1-minute andi 5-minute' warning. respceitiv.'ly. T[he effect of vanation in

amiount of early warning wasi not statzst~vallv significant in either masking condition.

VISUAL AIDS FOR DETECTION

An earlier study was c-onducte'd I this ae it lmnFgnvigLb

oratories, as repo~rted by KRtikt anid Nltt miii I5). this eixlriment t-otpIirt'd !inot-ulars. of

from three to, seven ptowter. whit-h were' mounited on aI pedestal and diretted toward thn'
line of aj~pearant-e of tiht airt-raft. Kurke and Mct-(ain found chat the average detection
range~s v.aried fairly regularly horn 1-1,500 to 1fr8,000 yards as optical power im-rez'sed4..

Irdn wotatvith the Kurke and Mi-Cain study. tests rep~orted by Wrighiti m3 A by
Fredricson t a 1-1 uAd hand-held binoc-ulairs to Searchl tilt, honrtnn. ksdist-ts.,et)

earlier. Wwriht fountd that tilt- relative tfe-i-'tsNof the unaided vs. aided observation
it'd41 With theA o~ff%4t Of thet' Oblservet'rs from the flighta path. For the' "moust thrratening'

targe'ts eIe, those u n ith ht-ad-uni apjiro.ti-hi. uinaide-d visitfl Nrirpamod the at-dtn observa-
tion.- For the mlore' obldiqiu' Lis I srlmtlu posts. binoculars tende-d to facilitate deter t mo.

Wright mttcrauct'd this fi iding to lt'e smaller field of vie'% of thlt aide-d obsenatiun
t-othle'l with the', rt-l.it web smyall subtendled angle of the airc-raft an thet head-on position.

Hotwev~e-r. tilt- IThltilidh tes-t% reported by FrIrnleri-kson e! al. ( 11 did not find mvl
:ulvmncagt- for aidedc ov'-r uzuttded uhss-tvation. In athlition. the-re was nit a~v.Antak:e in
usW;t! higher poniere-d ; X50t instead of shigitzv lowter powere-d (6N\30 Innoculars.

rh. riswtil, of these iest% te~nd to) Ik' conlfirmed by fie'ld ex~kefimieit vondue-ted In
Gerinniwu' 1lhirtsa-h Andl lHoffmann. ()I, whit-h. tompkirrd the decrte-talnt>'t of lm~isfling
aircraft a.4rvino fronm rtltrval ns' larce auinliNe It) the *niall F 101i figghter, undertw
-tmdttition, of btintiular tthiiatio.inder not- e-onchtton. the bznot-uL'iri ve're fmvud In a

%4eliuprt thit. U41. aIMe-ti at a WNLctofr of thle Oky J11st aboe the hontron. t¾-ut&r thtir vtLrcatle
"lav-tnC tt rt -niqtav the' htght-i p'nur hiilatwu-lars trnlefd io inc-rease detertmbduttyý III
vonitra-t. whent hand-~he-d hi-itc-ir ;niwt-ret and mmoderate pumner-d hinorulartw eec - AZ
andf SX)22 i eve e-onpae tt taniatdc-d01U -o fntunn. at WaS fresindý that thii axide

tii- tincus d ; nt p-1ieht-fit- detedit'lea rMIngnt greatver thAn unaidetd nihaa-ratz'nut.
At fa a' knnono adtletional fnarin-' te #4o -qpun-al 4Ardan nets' condiurted until

1941. %Ahen 1iuc'nft M flt44ittil litu 'itidi t the- Ow- of tbpx~cal awl' for targe- dtrto

ittlia 11e.n itOtje-tit,- ref thew' iahesvrataarv ttucluet alatW Ctoeahtlte the rftnreto

fi'-i-hcl-s4.s-vn-n. fcm 1 ienieit'd cajticAl ttttritit for 'tint tat tanetctatttnf
Mhtervirt ltere jntig~tzenur-dI I torts-ti frntt" a ui h-ie tackcn'uintuenl ;ýtaitwt nIh-se

fleW- pni-f"ulta--d 11i4 ;- qat-rwaml target't that viash'-nda-nt lest ti-san *4 iustousi K4 eo01d anit.,

the LIEHS-tv In Ouet laisrattv-~ uslin u-n~an ta-ti- mader of target akcti4,ah dIty

usnder- aided aluwua-u b n~t;ostiv us- tg 2%UO. "c. 2 1 2. ot 3N opttwt. Ther lunni-

Stantce leivel *ifte HIS Snrflq- at thJit lic (q, owii o~he"rntt' vanu-'I lu-inc-irn 10 and S40

bw'-lanhett.apjinnnorafsg 1w iu- unm-antv 1-iftch of in-cc-nae. us Clark,~ iiyhcblt ccntclitonsn

ust tt-&S-arc'h chnuuaid that umd'-z the lstv ,ihjisnrntscsn cnetn targtcl deu4-cton

wa-a fat lictat-I In. the ;R-s- oif lb.g- \'%14u0Isititda~r4 In cnnmpans-.cm stkit the- u c-rt post cn-ti
optut Sujss-nenity iek 'ce4 that 4 nntp1ýared lb,;- 3\ ujsuw vs. AmuleaMF ziJ n-o n-tan

~nitt aretpr.-&&-ntatz'5r'n Cifilt rt ust 11011 1..;msatfrI~ fno-t-lasnhc'rt. Cif cky

baa-ktgrtwld. agtain failed its eJmi an> 4tsjndtf-ant I a, sItat sn-n bn-auw ca f wunv thc 3\ C'opct c



EFFECT OF EXHAUST FUMES

fThe only~ formial tes of the t'ffet't of exas smo~ke uI)Qf aircraft Jeeh'dalility wais
condutitcil by thle D~epartment of Diefense andi the report in which it is disrusstmd is
&'iassiifim. However. incidental obiservations have been nmade by other experimenters in
this area. III tile (ha Ileud Iest reported by Wokoon 411). the g~reaiter eetectability of the
F-100 airc-raft was attributed to the greater density of its exhaust fumes compared to

-thsofteT3..iilly Wright t3i c untlucled that the greate'r detectability of the
F- IC aircraft in the headi-on asjwct could 'x at t'i1,uted to the greater density of exhaust
fumes e-mitted by the aircr.4ft. A limited ur.aber of trials were also ('onlluctmd in the
G;ermal~n field test in which thilt- F-13 vvx flown with and without 15e afterburner. Theli
detectability of that aircraft wias incretased by approximately three kilometers when thi-
afterburner was oj irat ing.

LOCATION OF THE OBSERVER

lII only two of thle field exp~eriments. was there an attempt to evaluate the efferts. of
o'ffmetting the observer from the flight path. of tile airt-raft, In the D~onia Ana test reported

ýýY ~ight 131 thle observers were loc-ated at three po-sitions: n~o offset Ii.e.. the aircraft
flew ciiret-!1% overhead at thle terminalon of the flight). 650-meter nominal offset, and
I ,40O-untter u'. ,rmal offset from the minimum crov--ig ranger N oinitfl1 offset values
"eualed th114..~ of the mnitnimal off~set tlistanit-cs of the Ori-reat that approachedI the
obsem er groups at difftrent hevatings from truil to trial,

W~right n-portted tt, * 4ttfft did. not affi-ct the detect ion range of protwller aircraft,
Im'at did ltd-rca-jr thet clt-teut~ii~ Trwge for Ict -iowerv-d airy raft when optitlal aidls. werr ised.

Vou ~ah-dvorwing, tlw-rv wva. at, -zrw rlations;hip lewmeen :treraf! detectiton raknge
and the flffset of the c'huervI-r. Xvrmiht attrt!-uted this~ re-sult to thv einreased0 dvitectability
of Jet airkraft mn-caust. of thet %smukte trails prod-twied by the vtge XsA thet off-A-t treaise'd
Im-twerut am-uraft andi obserytrs, thr puese-nted aru.' of the mt.Ave trail uirrrawed- Wrtght

tojctrdthat nbu-net-k 1111ttalty detm-tef4 the S''!kr trail1 of the mrr-raft. there-by
reducin.- thet sky an-a to lue searchted. N\. a n.-tilt. tiii sirm-Aft itself w4L.' detckted4 at a
gqreatvr range hy- olikrv-rrs having lar-get offsets -.0-cr uemvstg airs aff I sth binocvlars.,

'the "ffwet olf the oibs"rvi-T "as, 41u) I-vaittated In ttw I'mopalt tcrsI ts ;orted 6y
Firticnc-ks- cr aiiL Ii. Otin tif tlr tm-ts Ited the F. W ain-raft flying ;;t low altittudes

ft"a fa;r 'dis.twt huivoii, waih the- tl-r~vr* ltcatedl 4t OP's ýOO 1 ,100, 2"4001. anti
3.2(91 mcIItvr~s fromn iii. flijht jý9tth. litho test gluiicated4 that '%ivrs-rft dei"tet of ratice

1tx1'a s, c4fu.-t tcvass-d. u til apirsiad 2,600 mvtcf&. lim9 raft deItc-vt on rangec

varte'd ix-tuxeen 9,14m o-ntrrs forT Ow 2MI-m-tti-ec OP =-*lI ; OOA mtit-t fur tht- 2.600.) Ant!

-"u0in-tvr Ops, Iuthsis the terramu cetevittin v% ith r'rst it the- rrklssid pvnrcA uf Iioof
'he- atirsraft ;,fliht 1,4th vatvmfew.e~ mct-ir fixr the- ?00.vier- )v .3a d 12 tntItr"

fur thce OOnn-tr (t thil V.4aniton in tIN- el-hs.atn.n rxf ;hx i uj-- s, stasnitimall sIth
respe.-t i~~ ti-if- ialatxxis tin Vici ;irc-rt-4t t-ict" ttin rat-v-i ha. n- I In t-~ri'as~. kit:-hgl

hkvk~j that the-nrv-sla-r ~rt-44Te Wl~-salt ffsr's urrs- 'in ally 4%t"-s-ting thr mak

trail of thc- F. Cit' m nitaxu-~- zmdot t., that infsrtv*d tm lkritýýht

SEARCH PATTERNS AND TRAINING

h4-.a Ui--s is-n-dstit thr cl~uatiozs xf ji ss. -d n-shssnpeso (Iw'amt-sod



sky from a ground observer's position. At first thought, it woutld seem that research on
air-to.sea or air.to-ground sarch methods would find applicatiOii in the ground.to-air
search situation. Review of the research studies, howev.r, indicates that the major
concern of the investigators and analysts of the air-to-surface !earch problem has been
with developing or designing optimal techniques for flying aircraft over large terrain
surfaces to maximize the likelihood of target detection.

Techniques of searching sky from a ground position, however, have recently been
studie(# by Baldwin il i. I rsing a simulation of a ground.to-air search situation. Baldwin
evalht,,d two techniques of structured search (ompared to unstructured or untrained
observation. "i'lhese experiments ".-omt)ared several variations of a vertical zigzag or saw-
tooth technique of searching a lang� display. as well ats a horizontal technique of
scanning. It w•La found that structuring the search method assisted some observers in
detecting simulated aircraft, but paradoxically the same structuring technique interfered
with target detection for other observers.

Informal observations made during this testing suggested that observers with rela-
tively high visual acuity also tended to develop efficient search techniques througl
ex.perience. There were indications that attempts to modify the search techniques used by
these individuals |)roduced a degradation in the effective ness of the ecanning operations.
These observations suggest that persons with relatively ip)or visual acuity also (10 not
possess efficient search or scanning techniques. Perhaps such Iers)ns would hienefit from
training in the use of systematic search methods, particularly those which tend to extend,
and or capitalize on, w-anning and search techniques dthvelolp4d through training and
experience in readiiig printed material i.e., a horizontal zigz.g method of scanning.* 'he
horizonl. Tle research published in this area, however, suggests that techniques which
pirtition the total area to l•e scanned into three or more subs-ctio-n and which tus,systematw scanning of each suhsction to increaw- detection likelihotod, or redutu, the
acsxuiition tume of hard.to-•,e targets.



Chapter 2

AIRCRAFT RECOGNITION ABILITY

Two characteristic's of the recognition and ilentiaficat ion responses ar- cri iacalin Ia

military situation: the' range oif thle t-Arget, at the till). thie recognition judgment ocvurs,

and the accuracy of thie judgment. In this chapter, various asli4'ct.- of these response
chiaracte'ristic,; are, discusm'd. In addition, since the military, situation often involves a
number of Jpeoj)lu' working together, factors that affect individual and crew accuracy will
also be. examined.

RECOGNITION RANGE

BACKGROUND

*IlT'e initiation of defensive' action agaiinst an aircraft primarily depevnds- upon a
derision that the aircraft presented to the observer has a hiostile ide-ntification. t 'nless it is

uneqivocllyknown t flal all aircraft in a theater of ope-ration are friendly or that all are-
hostile, thet identification Ft'Imslile has traditionally bc en assumed to he- d'piendent upon
mediating retcognit ion judgments. In the cast- of the fitan -asvendant air defense weapons,
such recogniP ion judgment~s art. art-von-plished 1by weapot) svsteni operators, or crewmlen.

Prior it) the past decade, the artillery type of weapon Vsystms available for defense-
aga inst low-flying airc-raft had relatively short effecttive ranges - 1,500 meter orles
lDuring thie pasit 10 years, howe-ver, advances v.- guided missile techlnology have madle it
pos~sible to develop defewsar weapon.% that haver much more- extemtair- effective rnaitge
301"nt ltnv-fly-ango aircraft.

REQUIREMENTS

Ht'rausr of theirV v~teiltiols, in the effective range of defe-nnvc %%teapxnt.& i-nszdernbte

min-tiLr cdreNhikd within theV ,ilitar-y to determ-ine him ow on ocý rziptdly ani operator or

x TVWVM1na canI make 4iim-raft frro-iitinton wudcurnrnt. ThAt IL' therev itat a dereo to match
the- teth-lin-3l tcA1,3lnlnin 4. the ~ernrn-e weapon vrith the pen-eptual rapabdittet nE the
fpi-raltort5 In axloinson: there wuj; raonederable ifildest in findmng n-a>- to e\11trd the
frecognitioll raii~t-li f RopurataI' he>-nnl that rhrursi f unatfded obi"rrnttor. of
.irrn-rft %r a -ot.nsun'n- arosr- frt tufoIin~aisontor. the rd-atzon4aspbetee
Irmc4gnitf ttfl uleivitomnit amidthe dam- llan4cr bet Worin the 340lrtft vWd the cmhsriTVt

GILA BENO TESTS

Tilt- C4JW rc(l'rnt-ti range7 e¶]crt.tticti w2at. cunntuctd dunngv thr GILA 1"nr is-i

remmtxnrl, it> Wxoi'vnnz (I A m~o~nun'm fryn-C*c"Al"nie c-i5 L peensi nndum-trd in tfllnffoictwif

im.ith ti l-c afsit dett.ctntn 4tdy !-vreprte 1-n 1hpe Voit obwt-vctm ;;If had n

"au 1) 20 1Z2 %vt Imse-r and u-rt-r traintrd by the '-nr, of tatonetr rid t4Eo 1rrm-Cgz hth



T-33. F-86. and F-100 aircraft. The visibility during his field experiment exceeded 15
miles and all aircraft were presinted against clear sky. The recognition judgments were
made following the detection judgments for each observer. Aircraft altitudes of 500 to
3,500 feet were employed with an aircraft speed of approximately 400 knots.

The results of the Gila Bend tests were presented as cumulative probability curves
for all combinations of four search sectors ý360. 180, 90, and 45') and the two altitudes
(500 and 1,500 feet). When summed over all these conditions, 50r of the recognition
judgments. both correct and incorrect, occurred by the tine the aircraft was 1,000 yards
from the observer. Approximately 10- of the recognition decisions occurred when the
aircraft was 3,000 yards or farther from the observer.

Wokoun's data indicated that, to some extent, recognition range was dependent
upon the combination of search sector involved and altitude of the aircraft. For search
sectors greater than 90:. the widrh of the sector and the altitude of the aircraft did not
have great influences on the range at which the aircraft was recognized. However, for
search sectors of 90: or less, aircraft tended to be recognized sooner (i.e., at greater
distances) when at lower than at higher altitudes. That recognition range tended to be
related to search sector may be partly a result of the relationship between detection
range and search sector. Because recognition judgments follow detection responses, any
factors that delay detection will necessarily delay recognition judgments.

DONA ANA TEST

The distances at which various aircraft are recognized was also included in the Dona
Ana test reported by Wright (3). This field experiment concerning recognition range was
also accomplished in conjunction with the detection field studies reported in Chapter 1.
Of principal interest are the recognition range data obtained for the three jet aircraft
(F-4C, F-100, and T-33), which flew at speeds of approximately 400 knots and at
altitudes between 100 and 300 feet. One-third of the observers made recognition judg-
ments without optical aids, and two-thirds used 6X30 binoculars.

The 27 observers used in this field experiment were given both classroom and field
training in aircraft recognition. The classroom training consisted of eight hours of
recognition instruction on the aircraft to be used in the tests. This training utilized 35mm
slides of models of the jet aircraft, using both the standard military techniques for giving
aircraft identification instruction and the experimental method under evaluation.

In the field, the observers viewed 27 jet passes before actual testing began. For most
of the practice trials, the type of aircraft to appear was announced prior to its initial
pass. On other trials, only feedback on the type of aircraft was provided. After comple-
tion of the classroom training, observers correctly recognized 7 3 .8C of the jet aircraft
shown on a 40-iLem test. No proficiency test was administered to the observers following
the additional field training.

b, the Dona Ana Test, the observer was instructed to make (a) a tentative recogni-
tion response when he believed he could make a decision that was subjectively better
than chance and (b) a positive recognition decision when he was subjectively "certain" he
was correct. Although Wright obtained recognition range information for helicopters and
propeller aircraft as well as for the jet class, only the jet data will be presented here. The
cumulative frequency distributions of aircraft recognition judgments as a function of
aircraft distance for the tentative recognition response for each of the three jet aircraft
arc prcsented in Figure 5. Similar data for the positive recognition judgments are shown
in Figure 6.

The frequency distribution curve for each aircraft contains approximately 300
responses. The tentative recognition judgments were accurate 86(-'( of the time, and the
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Empirical Probabilities of Tentative Recognition for Three Jet Aircraft
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Empirical Probabilities of Positive Recognition for Three Jet Aircraft
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positive judgments 97.5% of the time. When averaged over all observer offsets and
viewing conditions (aided vs. unaided observation), the jet aircraft were recognized 50%
of the time at distances greater than 4,000 meters. The recognition decisions occurred at
approximately 5,500 meters or greater 25% of the time.

The distance at which the aircraft were recognized, however, depended upon viewing
conditions and the observer's offset. Both the tentative and positive recognition ranges
increased as offset increased, and, on the average, the jet aircraft were recognized at
greater distances with binoculars than without them. However, it was noted that under
the conditions used in Wright's test, binoculars tended to reduce detection distance of the
potentially most threatening targets (i.e., targets having a zero offset or head-on presenta.
tion). Similar results also tended to occur for the unaided observations. That is, although
head-on targets tended to be detected farther away (except when binoculars were used),
the recognition of such targets was delayed beyond the distances characteristic of the
more obliquely oriented flight paths.

Wright's data indicated that recognition judgments occurred at much greater
distances than reported by Wokoun. The increased recognition distance may be attributed
to several factors, including (a) Wright's observers had a smaller scanning sector than
Wokoun's, and (b) Wright's observers apparently were more proficient in aircraft recogni-
tion than Wokoun's observers.

The two studies reported by Wokoun and Wright constitute the only known
full-scale aircraft recognition field experiments that have been publicly described. Other
tests, however, have been reported that used reduced-scale simulation of aircraft recogni-
tion situations in which model airplanes were used.

MINIATURIZED TESTS

REDUCED-SCALE SIMULATION STUDIES

The use of miniaturization, or reduced-scale simulation, of aircraft recognition
situations was necessitated by the obvious difficulty of obtaining a wide variety of
tactical aircraft for full-scale field studies. As has been noted, the full-scale field research
programs were unable to obtain or use more than three jet aircraft. Because of the
limited variety of aircraft used, the results of those studies have been criticized as not
providing a basis for valid inferences to a typical air attack situation.

In 1967, HumRRO conducted tests of aircraft recognition using 1/72-scale models
of aircraft in a miniaturized recognition situation (9). One pilot test used models of
aircraft that had been used in the full-scale field study reported by Wright (3). The
models were immobilized on a stationary pole and the observers were moved toward
them from an initial distance at which recognition was impossible. When the recognition
data were compared with the full-scale results from 1965, it was found that the statistical
relationships between recognition frequency and target distance were fairly comparable
for the two tests, after adjusting for the miniaturized scale factor that was used.
However, the results indicated that for the miniaturized test the recognition judgments
tended to occur somewhat earlier (target farther away) than for the full-scale test. This
was attributed to the use of statically positioned models, which permitted longer periods
of ob.., -,ation at each viewing distance.

Later in 1967, a more extensive miniaturized field experiment (Baldwin et al., 9)
was conducted that also used 1/72-scale model aircraft representing s~x U.S. and U.S.S.R.
tactical fighters. Relevant parameters were scaled to 1/72-level, including the movement
of the targets toward observers. Although the primary purpose of tle field experiment
was to evaluate the use of various communication sequences for aircraft recognition, the
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experiment also provided an opportunity to test the validity of miniaturization, or
reduced-scale simulation, of aircraft recognition situations. The results of the reduced-
scale experiment, compared with similar data for the previous full-scale field study, are
presented in Figure 7. A statistical evaluation of the two cumulative frequency distribu-
tions indicated that the two curves were not significantly different. It was concluded,
therefore, that the reduced-scale test did provide valid estimates of the results that wouldhave been obtained if a full-scale experiment had been conducted. Although this field
experiment suggested that reduced-scale miniaturization provided a feasible method of
evaluating aircraft recognition performance, no additional experimentation employing this
method was accomplished for several years.

Results of Full-Scale and Miniaturized Recognition Range Tests
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..80 ........... Single Crew Chief
(Reduced Scale;N 481)

Single Observer
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Figure 7

In 1971, HumRRO conducted another miniaturized field experiment, in an outdoor
test facility near El Paso, to study the relationship hbetween aircraft recognition range and
the size, aspect angle, and color of the targoi (Baldwin, 7). This experiment employed a
more extensive variety of targets in that eight single engine and five multiengine jet
attack aircraft were sirulated through the use of models. A 1/72-scale reduction of
aircraft size, altitude, and approaching Slp(ee was used. Six aspect angles, or views, were
used, ranging from a head-on presentation, through various oblique views, to a side, or
90', orientation of the target. All observations were made by members of the military
and the research staff, who were equipped with seven-power binoculars. These observers
made approximately 3,000 recognition judgments over a nine-day experimentation period.
Only 1.2', of these judgments consisted of uncorrecte(d recognition decisions (i.e., errors).
This high degree, of accuracy attested to the correspondingly high level of recognitiol
training attained by thes,, "professional" observers.
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Observers were located at one end of a scaled 16,000-meter flight path. The model
aircraft were individually attached to a short boom mounted to the roof edge of a panel
truck. The transporting vehicle moved at a scaled speed of 400 knots from the starting
position. Each observer was provided with a hand-held reaction-time button and a
response-choice box that he used when making his recognition decisions. Recognition
judgments could be corrected at any time during a trial. Averaged over all aircraft of a
similar classification (i.e., single vs. multiengine), recognition distance ranged from a
minimum of approximately 7,800 meters (full scale) for the head-on view to a maximum
of approximately 14,000 meters for multiengine aircraft with a climb of 45' and a
heading of 35'.

It was noted that the average recognition ranges obtained in this miniaturized field
experiment were much greater than those reported for previous full-scale and minia-
turized Lests. In fact, these avefage recognition ranges were similar to aircraft detection
ranges obtained in previous studies. The increase in recognition ranges was attributed
primarily to the higher skill levels of the professional observers used for this miniaturized
study. All previous field tests, both full-scale and miniaturized, had used military person-
nel who were assigned to the experiment. The increased recognition range in this study
was also attributed to increased target discriminability because of the object-to-
background contrast level use.

COLOR (REFLECTANCE) EFFECTS

In previous field and reduced-scale experiments, aluminum-colored aircraft had been
used. In this miniaturized field experiment, the models were painted a dark gray, which
yielded high contrast with the sky background.

Additional testing was conducted in the reduced-scale situation to evaluate the effect
of contrast ratio (reflectance) on recognition range. The supplementary test used two sets
of six model aircraft, one set painted silver and the other dark gray. The silver models
had approximately the same reflectance as a full-sized aluminum-skinned aircraft. The
dark gray models had a reflectance about the same as aircraft painted with terrain
camouflage colors. When averaged over all six aircraft, the mean recognition range for the
dark-gray models was approximately 11,000 meters, compared to about 9,000 meters for
the silver models. The overall difference between the two colors was statistically
significant.

AIRCRAFT SIZE

As part of the miniaturized field study, reported by Baldwin (7), the size (area in
square feett oi t-ach ol the aircraft at each of six aspect angles was determined by
projecting silhouettes of each view against graph paper and measuring the area occupied
by the silhouette. The correlation between pre(sented area and mean recognition range for
each of the 13 aircraft was determined for each aspect angle. Five of the six correlation
Coefficients were statistically reliable and ranged between 0.5 and 0.7. For some unex-
plained reason, the correlation between area and recognition range was not of sufficient
magnitude for statistical reliability for thi, aircraft view associated with a 15- climb and
i5 h,,ading. 'l'hese results suggested that 25"' to 50"; of the variability in recognition

range can be predicted from a knowledge of aircraft size for most of the aircraft views.
However, it waq ",p''a'ent that the presented area of the aircraft was not the major
determiner of the time at which the recognition judgment occurs.
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TRIAL-TO-TRIAL CONSISTENCY

The absence of a significant size-range relationship for the view with a 150 climb
and 45' heading prompted additional analysis concerning observer reliability or con-
sistency. In this context, reliability was concerned with an observer's trial-to-trial varia-
tion in the range at which each of the 13 aircraft was recognized. This consistency was
examined separately for each aspect angle. Analyses and summarizations of the trial-
to-trial variation indicated that, with the exception of the view with a 15" climb and 450
heading, each observer was quite consistent in the different ranges at which the 13
aircraft were recognized. However, the reliability of the recognition ranges for aircraft
presented at the 15'-45' view was relatively inconsistent, particularly for two of the four
observers.

CONSISTENCY ACROSS VIEWS

The stability of the recognition range for each aircraft across the different views was
also examined. This analysis showed low consistency in recognition ranges across views.
The most notable exception to this general finding was the set of correlation between
views for head-on (0`-0') vs. slightly obliquely oriented aircraft (10" climb-15' heading).

These analyses of sources of individual reliability suggest that observers employ
different cues for different views of an aircraft, but for each specific view they are
comparatively consistent in the relative distances at which various aircraft are recognized.

INTEROBSERVER CONSISTENCY

Analyses were also made of the consistency in the judgments made by different
observers. Observers were paired and the average recognition range for each aircraft was
correlated between pairs of observers for individual aircraft views. Among the set of six
aircraft views, the least consistency occurred for the recognition ranges obtained by
different observers for the head-on aspect. In contrast, the most consistent recognition
ranges occurred for the view of the aircraft with the 45 climb and 35' heading. These
results tended to support the analyses of the average recognition ranges, which indicated
that the easiest view to discriminate was .5 -35 and one of the most difficult views was
0'-0 (i.e., head-on).

INDIVIDUALS VS. CREWS

BACKGROUND

'[he standaid operating procediures for engaging low-altitude aircraft requires the
crew chief to accomplish the visual recognition and identificattion function. For some air
defense weapons, certain crewmen are assigned the task of forward ohservers (FO). These
FOs are stationed somewhat remotely from tile weapon. so that they can provide early
warning of an impending attack. The FOs can also communicate their judgment yon-

cerning the aircraft identification to the weapon crew chief.
'T'he addition of F() teams to air defense weapon crews could offer both potential

advantages and disadvantages for system effvctivenvs•. The more obvious potential
advantages include tile following:

(I) The FO could assist in tile initial visual detection and acquisition of
penetrating aircraft.
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(2) The FO communication could provide a source of probabil recognition
before the aircraft was visible to the crew chief.

(3) The earlier FO recognition judgments could reduce the crew clzief's

uncertainty concerning identification and thus reduce system reaction time.
The potential disadvantages include the following:

(1) The time required for the communication between FO and the crew chief
could increase system reaction time.

(2) The prior recognition by the FO, if incorrect, might predispose the crew

chief to incorrect decision.
Previous field studies had evaluated the effectiveness of the recognition performance

of observers working alone. There was no information concerning the recognition

accuracy and reaction time of lone observers vs. observer teams. In 1967, HumRRO

conducted an experiment to evaluate these two approaches to the recognition task

(Baldwin et al., 9). This experiment was conducted in an outdoor environment, using a

1/72-scale simulation of a recognition situation.
Prior to the test phase, 60 enlisted men were given classroom aircraft recognition

training for three U.S. aircraft and three U.S.S.R. aircraft. The men were trained in

groups of 20, one group on each of three successive days. The duration of training varied

between four and eight hours, depending upon the rate at which the trainees achieved a

95% accuracy level for six views of the six aircraft. A reduced-scale field test was given
two to four days after training. On each trial, a 1/72-scale model of one of the aircraft

was mounted on a boom and moved at a simulated speed of 400 knots and at a
simulated altitude of 200 feet.

Forty of the trainees were assigned to 10 four-men crews, consisting of a crew chief,

a forward observer, and two communications assistants. The communications assistants
were assigned to accomplish the communication operations for the FO and the crew

chief. For one-third of the trials, the target passed over both the forward observer and

crew chief positions, which were separated by approximately 460 meters (full-scale). For

another one-third of the trials, the aircraft passed between the locations of the FO and

crew chief positions, and for the remaining trials the aircraft passed at a scale distance of

2,500 meters offset to both positions. For one-half the trials, the crew chiefs received

tentative and positive recognition judgments from. the FO teams, and for the remainder

of the trials the crew chiefs operated alone.
This study employed two performance measures, (a) recognition accuracy, and

(b) remaining engagement time (RET). defined as the amount of time that elapsed

between a crew chief's positive recognition judgment and the arrival of the aircraft at the
minimum distance from the crew chief's location.

RECOGNITION ACCURACY

The results of the test indicate that the crew chiefs working alone were slightly, but

not significantly, more accurate than when they received the FO judgments. ttowever,
these overall results obscured a numher of crew chief.FO interdependencies that apl):i'-

ently occurred. .\lthough the average a.Ccuracy of the individual chief was \ ,reater than

thie average accuracy of the FOs, the ac,.uracy of the chief when he was working with a

crew tended to be affected by the FO's accuracy. The rew.arch restults suggest a number

of specific instances in which the FO apparently either aided or hindered the crew chief's

decisions.
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REMAINING ENGAGEMENT TIME

When averaged over all trials, the remaining engagement time (RET) for crew chiefs
working with FOs was slightly, but not significantly, larger than when these chiefs
worked alone. However, the analysis showed that the 10 chiefs did not perform con-
sistently under the two manning conditions-six chiefs made their decisions sooner when
working with crews than alone, and four behaved in the opposite manner. Variation in
RET also occurred in association with the offset of the target from the observer's
position. When the flight path was parallel to the observer line and offset by 2,500
meters (scaled), all crew chiefs tended to make their judgments at comparable times.
However, the two groups of chiefs mentioned above did not make decisions at compa-
rable times for either the overhead or the intersecting flight paths-six of the 10 chiefs
made their judgments eight to nine seconds before the others.

The results also suggested that there was a trade-off between recognition accuracy
and RET when the chiefs operated alone. That is, when working alone, the more accurate
crew chiefs tended to delay their judgments, while the less accurate chiefs made earlier
decisions. Paradoxically, the FOs did not behave in this manner. The more accurate FOs
tended to make early judgments, while the less accurate FOs delayed their decisions.
Apparently the results of these opposing patterns was a tendency for the chief's accuracy
to be positively related to the remaining engagement time when he was working with a
crew. However, the chief's accuracy tended to be reduced when he worked with a
relatively inaccurate FO. Six of the crew chiefs had an average accuracy of 88%; when
working alone and 89W when working in a crew. The remaining four chiefs, however, had
an accuracy of 87% when working alone but 78% when working in a crew.

Additional analyses were made of the communication sequences that occurred
between the FOs and crew chiefs. The test results suggest that tile chiefs who did not
perform as well when working with a crew as when working alone were more cautious in
their decision-making than the more "effective- crew chiefs. The more effective crew
chiefs frequently tended to make their final recognition judgments without waiting for
the FO inputs. The less effective crew chiefs tended to behave in the opposite manner
and, con,,equently, could have been adversely influenced by their FOs' inaccurate and/or
late decisions.
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Chapter 3

AIRCRAFT RECOGNITION TRAINING METHODS

This chapter contains a review of World War 11 studies of training procedures.,
particularly the WEFT and Renshaw methods of teaching recognition. Recent applied and
analytical research that has produced substantial changes in training concepts for aircraft

* recognition also will be discussed. Discussions on (a) classroom techniques and (b) self-
Study and small-group methods of teaching aircraft recognition will he presented.

WORLD WAR 11 METHODS

BACKGROUND

Vicory, in a review of air,,raft recognition training methods (10), rep~orts that
systemiatic studies of aircraft recognition training were first pursued in'England in 1940
when that nation was being threatened by air invasion from Germany. According to an
earlier researcher in this area (J.J. Gibson), the psychological theory existing at that time
could not provide any clear guidelines with respect to effective techniques for teaching
object recognition. As a result, the methods initially employed were based 1,11)011 expert
opinion rather than on systematic analyses of the nature of the recognition procedures,
and the- development of such S:,ills. As reported by Gibson, the British ap~proach to
recognition instruction included p)rovision of information concerning the nature and
characteristics of different military aircraft as wvell as the simple visual cutes associated
wvit h shap e and size.

The initial app~roach taken by thet British could be considered object-analytic, in that
conlsiderable em p~hasis was placed upon analysis of the component parts of aircraft with
the resulting development of at comiplexN terminology needed to dlescrib~e thet shape
characteristics of these, components. As a result., thet method that vvolved for teaching
aircraft recognition became known as the 'WEIF'T' technique for de-scribing thlt wings,
enlgines, fulselage,. and tail cornly ~lents. In this training technique. aspect" of the shaple of
aircraft components that could he given namnes (such .-s ''swept-hack wings."' "tnegative.
dihiedral," and levading-edge tal w r"I were considerabI ly ove-rem l)Ilsiztel. I her was also
heavy emph~lasis onl verbal learning: it was desired that li-sts of discriminating character.
istics would be zvsociat('d with thet various visutal imlages.

WEFT VS. TACHISTOSCOPES

Inl 111-Il, thet WEFT %yStelil %Vm adopted for training inl aircraft rt-cognition by the
V.S. Navy and the V .S. .\rwy Air ( orp,. fIn 19-12. Samuel 11*'nshaw of The Ohio Staite
tCniversity propos~red a radically dirrerent approalch to I .'ching aircraft reroignit ton.
Renshaw's technlique primarily i'mpliasiz ill(d thereogsittion of t raining itlae pre'M'ftitd~ at
vxt~rtvnllly short 4 ahsocptIt iiel inltervals Trhe tim. of taviehistw-ropiv pri-54-ntation was
Iiasw'c uplon a hypothesis that brief jirvesetatioi1ý forced0 the ohArvvr to rvs;)oncl to tile



total form of tile image rathe'r than to the aggregate of its component p~arts. According to
liarvey's review of aircraft recognition training procedures (L1), the advantages claimed for
the Renshaw system of training were as follows:

(1) Rapid flashes forced instantaneous recognition.
(2) The use of rapid exposures of images gave the trainee experience in the

sort of perception that hie would need under combat conditions.
(3) Rapid flashes forced the trainee to see the total form of the plane, rather

than the pieces and parts.
(4) Recognition of slides p~resented at short exposure durations was actually

easier for the trainee than analysis of the images into its components.
(5) The use of rapid flash speeds increased motivation and the degree of

attention to the material presented.
Basically, the method Renshaw 1Pr :,posted involved piresenting images of the aircraft

in birief flashes on the screen until the observer was able to identify it accurvtely. The
durations were usually about 1/25 of a second. Subsequently, tile exposures were
gradually reduced to 1/75 or even 11100 of a second on the assumption that these
increasingly shorter intervals during training would yield a higher proficiency level.
I larvey reviewed a number of previously unavailable World War 11 research studies
concerning aircraft recognition, particularly as they pertained to the Renshaw method of
instruction 411). lie described st-idivs conducted by RlM. Gagne and JJ. Gib)so that
refuted all thie advantages claimed for the Renshaw techfnique. Although these studies
were reported in 19-1-1. the Navy and Army Air C'orps had adopted the Renshaw method
as early as 19.12 or 1943, and this technique was used for the duration of World War If.

One of the logical bases for the Rtenshaw system was attacked by Gibson. Renshaw
had contended that the use of rapid exposure of slides gives the trainee experience in the
kind of p~ercepltion he would need under ý-ombat conditions. Gibson p~ointed out,
however, that in the usual combhat situation the observer recognizes the aircraft long
before it reaches effective firing range. fit-e arguedI that. since the observer had consider-
able time to make recognition judgments, accuracy was imore important than spe-ed.

In this context, G"ihso:1 conducted a study' in which observers wert, trained uinder
three tachistoscopic intervals. Ont~third of the trainees were given instruction at an1
exposure dutration of one second per slide. A second group wws pres'entedl image-. lastillog
1 /10 second, and a third group bad intervals lastinig V/50 second. Allf traiinees were, tested
after instruction, using miotion picture andi slidle lpretm-ttation piroficiency tests. Ther rextilts
showed no differences in the proficiency of recognition amotig the threer groups trained
with differentt exposure duirations. D~uring the 35nimn test, the slides were pre-sentrd at

oneseond l1 10 ý44ont, and U 50 second for till groups. The Alides sliowi for one
SV('0nd were more accutrately recognited than those shiown for the Ahorter intervals, In

fact, the highest %cores obtained by all1 three groull.. Onl the test Slitdes were those
isoociatedf with the imaiges prseiited f,,r onie sevondl.

A se'condl experiment reliort"d by Cilkison sihowed th.-i empjhasizing mircraft fratirves
during the early clays. of training pirtdrived bietter airc-raft identification lw-rformanve~ than
%%he'n the frvatureir were not emliha'.iced. particularly for those rosmgpshnrints%
that 1w'rin1it ted discriniliat ion be-tween ,4milav oirc-raft.

li arvey I 1 Iialso clesc-anhed an velierinient repior"e hy (aot'w that directly romlparedi
the l4,1n4h.w and WFFI!i techlifjues. Two grutips of 90 m"en eatch we;rt- .41tight tile ".mr
airc-raft in the ,aine order using se exposed for I 10 m-cond. In one g~roupl. 1115tnlict10i1
was givenl only oill the total f(orm- of vc'h aircraft (i.e.. the Itrnshaw Wystemin with "o
mention (if featuires- mtch ms. shalw% of wings,% (nint tail. !it the second group, a
standard set of distisictive features, wa.- enilpha~ized for ec. h airt-raft lirveented. .'tfl-,r 30.

hoursi (if instruction. lioth groups 'wen- testetd with Ir 15 sides of the -10 aircraft that had
Ix-vi itivhideti in the trauming pnig-ram. The rrmilt., of the pbroficwieny teut slightly favor"d



the WWIT systemn of presenting recognition instruction andl did not supiport Renshaw's
claims for the stiperiority of his total-form approach to training aircraft recognition.

In retrospiect, it is unfortunate that much of thlt earlier researc-h on re~cognit ion
training has not been available to the public until recently. Its earlier availab~ility would
perhaps have lessened the debates that still oc~cur among pr0Jopnents of tuchistoscolpic
techniques for teaching aircraft recognition.

CURRENT APPROACHES TO RECOGNITION TRAINING

THE SARGEANT METHOD

In 19.56, the British introduced another technique for teaching recognition as ain
alternative to the %%EFFT and Renshaw methods. It was known as the Sargeant system for
its originator, Charles Sargeant, editor of thle -Joint .Services Re'cognition Journal. Thel
Sargeant technique horrowthd from both the WEFT and Renshaw aipproaches to recogni-
tioni training. Althoungh it did not use tachistoscopic exposures. thle Sargeant method did
use whole-image learning, and also emphasized le-arning the distinguishing featuire-s
of airc-raft......ording to at British psyc-hologist who evaluated the( tet-hn~quv, it was
N'lievveJ that the (listinguiiihi~.g features Were, learned only tin relation to the whole
aircraft iAllan, 12).

The training miaterials employed in the Si.rgeant method for teac-hing a group of
aircraft con.;ist of two booklets ftr each aircraft ito Ite learned. Initially, tilt, aircraft are
group~ed by- exilwrt judgment according to the similarity of their design. The first hook,
whivh p roviuc cues for iden t ifi-at ion, contains named pho tographs of different views- of
eat-h airc-raft ~. 1three plan-view silhoutette%; this 'is the "key" material for making
comparisons wit.- the aircraft shown in) a Second hook. The se-cond hook contains 120 to
1-1( target views' t'.. the s'ait-l aircraft. A.fte-r studying thle aircraft features in the "-key"
ho~ok, tilt, trainees *titninpt to ret-ognite eat-h ai-rrnft in the sev-oiul book. Tnits prove~s B
conitietlte un1til1 eath air -raf t is. ret-ognizoed corretfly. Fat-h trane. tit-Works -alone, at his own
pace' and Without formal iiistniiction.

-tita conducted anl v\J. rimn-it to ttkmpaxro thle effet-tivcies -fthtilgat and
Ik1T systvrm. This v-xperiint-n. Incht-att-d that the Sargraiit sy'stem wa* %upxrior to thle
WEFVT niet hol tin produciing ai ri-ia res-ogoition act utacvy.

.A variatitvrt of the sas-gant t"-'hnique t% xused currently in tiue Joint 'ervtires
IVeng-pittito, Jeiurfutf Onl tite page o" ) tiic- ornail, a revk 'ela"Iivel la-re Image% of an1
airc-raft, oir mnotit-I therreof. 4ong- 'with its s.lhourttrs. are shown, Whille thet otipostte pager

a1 nmontage [if mwut imagves tif thle s-amei zaircrJt' along with a few -ntigers.' The-
student'% task iti Adentify the "ringitrsj, 1is;v upon1 their ElIOimmila*1ty uith1 the key
image-', al, Well a'k thet nther images in the tiontegi-. It it not knouiti wht-their any
svsternlatwv evalutiaton of thiis Apitroarh for 'waviting re-oat-i hts hen nuiadt.

HuniRRO's GOAR METHOD

In It%'3. I lurRME Iti)iiillatcod a rt'i-uardl proujram 1.1 11iiipm.c-C upan Ille ~E
Iiembauw nrwtheids of trainsing 'atrtraft nii Athbough thle pity-bokigy of pet-rptu.aJ
lw-asninsg hat] advantced .ciiness hat %vincv- World W~ar It, there Wert- uill no fs - po -cli-

pricb 'nrlpe-s %u-W1n s'thu-h toi hawe .1 us-cnt ific-all)y urc~undc'd taerbilepi Gi'i tra-ring fo'rm
re~-ijpi~At. A a ri-so.lt, the initial ato"ri-hal dc-vteluptnl hy 111MR 1-0. Gtouni;d Observer

.~ir rat hecagiiton 0 aUt. aibugh lsas-'d o-n lahboratory. fintlmgs. wva- erlectic ti i.%
11ndLIrlytill jirizuijj~l-s an ;'FIragizrnativ n its obp-vtive-' !n other woutds, 211 riforita t-r



made from the outset to p;x)ruce an effective technique for training aircr-,ft recognition,
irres5pective of theory or the lack of theory.

The GOAR method emphasized discrimination learning of the aircraft features that
were relevant to identification requirements in a tactical situation and at tactically
realistic distances. To facilitate learning to discriminate among similar aircraft during
training, aircraft of similar characteristics were disptlayed simultaneously as well ;as
successively Ii.e.. one at a time). The GOAP a)lproach consisted of thO following
activities:

(1) Goal setting, which consisted of mewsuring trainees. prelearning proficienicy.
I2) Aircraft familiarization, which includ-d familiarization with the nomien-

clature of features and provision of j'inted silhouettes of the three-planned
views used as suppllementary training aides.

43) Discrimination learning by l)aired-comparismi training inwolving the simul-
taneous piresentation of pairs of images of different aircraft.

( I Single-image recognition practice.
15) Proficienry testing.
t 6) Remedial instruction as needed.

In exlprunental form, the GOAR training program covered 16 aircraft that were
grouped into four sets l)as4sd upon expert judgments of their similaritiev. The training
program consisted of 16 lwnxL% of 50 minutes each, which included paired-comparison
training, suc-e.ssive image practice and review, proficiency testing, and reimedial tra ning if
needed. More complete details on this training procedure are presented in a report hy
Whitmore, (ox, and Friel (I _".

Initially, thit CO \R method wts com!pared with the WEF.Renshaw tevlhnique. Two
groups of trainees were administe,--d one or the other type- of training. After training.
each group was given a proficiemny test that consisted of aircraft views not included in
the training program. Ihie aircraft VIews In the ,rofiCienncy test were also ,ualstantualiv
smaller than ,hose used for training. The test results showed that the avvrage tdentifca-
tion accuracy for those trained by th- umltli() techinutte was (;I',, rompared to omnly
20Y1 for those traimnd by the WEFT'-Renshaw methodl. .lthotig this rqu-snmiental
program did not achieve the proficienry levels deirnd for W1 orpe-rattona! training telh-1
nique, tile methodl did Show Sulpertority over the lrot-iduws W I\'l'T.Rloti~iail imsuri
4t that titu' for a'comphlshing aircraft rtm-Ognitin inistruction.

The developmental effort deswribxd by Whitmore ef at 11)3t sihould not I"- n-•n,
udered ai for"4 erxperment, hut rather a contaw.risoar of tuo dfferwn• at lmrarcih to
insttruciton in aircraft rec'imtt", The training pmrgra• that usxd the XEV-l',Rtjn¶Eaw"
training techalquest wvav based unoli es isting tU$. Army zv-,truct-oit gonaL nutn Oil the

adnhmuitraltso of rmconitlon tralnittg, That tr•aInng approach va-s ttw.- by the r,•-ri-rh
staff W. ord<-r tn aucrtram tihe leel of rofic(U-nV- that ctndU•d hf- esj"-j-lcd from the-

f-'s-tIng totri"Wttonal. dc-trine. In -ontrasýt, thi Modltu-4 prgraM detWoped by lIlMRARO
v&as gdtrmutirCM1 to deterimulte wheither airivrafi, "hservers% -ould 1W trained to a 14I 4eVel

of aerurayW. ;smd al-o to delS-,nu-te thr amuntr af tamv rr-utu tio atlasn that gC-oaL. T"the,
r-xe nmrWta pr,,gram dei-loped by limRtt() chd achi-.r a 95'% acracý goal far tie

awml iew% presernte during trainntns} but the zvrwrg tramirtsg tttvIer aircraft 'W91
13matdy tmW greater tan; thal. for Cu- iw-c&wnnw rv-centan the WVEFT.e-n,.hau

apsroarh.

The trogn•t•cn troaini met4hro dvm-ribed hy Whilmorr cf e• ".-ose of a
slteofth'-rtatte-rp, If' w-bsrve a W~t of Icamnmg "bctt~ hog he 41% "-

laboratory-ba" rd 1 goglwal 14s-1ripls., A ltbou'ugh the prgraum odixfced the TdC-Vresl

a-htr--Cef-nt evel. l- th triliwor0 of each of ,it wom,.nnt ,anI 53w attatntrent of

the •ik~urd goal hao noat K'en arafely mahualr"| in an aunrcafi rrvnttrsm rconlrmte .sMor
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to the development of the training -package." Several studies subse.quently were con-
ducted in an effort to evaluate some of the more critical components of the train-
ing method.

TEACHING ONLY FRIENDLY OR HOSTILE AIRCRAFT

The Whitmiore el al. (14) report also descrilwd a study designed to evaluate the
effectiveness of limiting instruction in aircraft recognition to either friendly or hostile
aircraft. Two experiments were conducted. In the first, approximately equal munumbrs of
enlisted men were given recognition training on either six U.S. or six non-U.S. aircraft:
but neither group was shown any other aircraft during training. Both groups were tested
on all 12 aircraft upon completio'i of instruction. After all trainees had completed their
instruction and had satisfied a 90'; accuracy criterion, they were assembled as a group
and administered the end-of-training test. 'The test consisted of seven views of the six
aircraft on which they had Iwen trained phlus seven additional views not used in the
training program. It also includte 1-1 views of six aircraft that had not been included in
the training program. Thus, tie criterion test consisted of 168 images, evenly dividted
between familiar and un;amiliar aircraft, and further subdivided into familiar and anfa-
miliar viws.

The amount of training time required to reach! the 90-' achievement level wis
compared for the two training conditionr. Those given instruction on non-i'.S. aircraft
averaged 2.5 training sessions: those trained on U.S. aircraft averaged 2.0 sesions. The
differenc-te bet wten the train'ng dulrnjtiuv0s apitroat-hed stattititical signficanct-.

l'he recognition accuracy on the end-of-training test was also analyzed. Accuracy for
familiar aircraft was approximately equal for the two groups, although there wa a
significant interaction betwee•n the- training condition used and the class of ant-raft
presentetd during thie criterion tst. Thile students who were trainetd only on n1on-US.
aircraft correctly identified 77¼' of the unfamiliar airtcraft as friendly i'.S.I. whilt the
students trained only on t'.S. air-raft corr-ctly claImfit-d 66tt of unfamiliar aircraýft w.
hostile inon1ttj... In other words, the stt-dents traimed only on frtendly aircraft mnvor-
wrtly c-laostfth 341 of the V.S.S.R. aircraf' as fnendly-

A urcond ex•p-rimint inctluded paited-comparison disriminatton 4ttwi-en the two
clas-es of aircraft. Under one condition, the student. werc told only that thn- nont'.S.
airraft were to he conidtL•red as hostile. For the sm-ond clans, the tran•es• uv en also told
the name (type desmngntioni o( each of the non-tkS. a irraft. A\ thir groupl, of tramer1s.
whith srnvd a, a control, -rcnvrd ;mnI-c-ointson training involving ou'-"% U.S. auX-rar.
The-y did not observe any non-Ut*S. airrarit durtng the tratning prntraim. All tlrmý groupr
Wsn-r tnstrTc-hnl to lr.urn thie tylpe of dtwrlntnations of thr U.S aWrtaft. 1The9 rnttrluctsOn
w't- .+tlaro to that usd in the first "frtennd,fo&" r1ertrnet1t. Folkunsng :nMtrcttion. aI
Audra+t. wer,, ad"mInitre a proftcen-y tbrt that incltded the U'S. anad nuwn•-S. airraft
pr,,-te'd in famthar and utfamilhar e-strw and that wias ,- or-l for de.ntzrwatson afcur,,cy
only. That ',. any confsuons m typr na4ttig vuthut a natisnabty ciavt urts- not sW-st

The vr-tults of the is-iA indicVatm that flt"- three trasning condititos we-- comarable
am far as identiificarton ac.cnvc-y of rindly aircraft was, onctne.d, and not siinificanily
&cfiffs-n-t mn the dent-fic*.0"on accuracy of hntAil ar-rraft. ,ý-A at'- ;dentificratwn aJcrnt-y
of friendly aircraft was approximaity 8S'- and of non-.t'VN aircraft 4W9 The- conrlm]
Zroap f.'ri the previr-an day wias given axddatoiul training on a wv-ond day. whitch
,ottsatn of pa d-,dconitpans and mvwsrsa.unae .xtiruri i i tn-vn non-Ut'.,- aircnfR
only, Thn group was rndrinuscirAwd th wofsauncy ales amd the pCrfolinancs- of tin-se



students on the first and seconl administrations was compared to evaluate the effective-
ness of the additional instruction on non.U.S. aircraft. For U.S. aircraft, the seven
students were approximately equally accurate on both days. For the non-U.S. aircraft,
the average accuracy increased from approximately 50% on the first day, which followed
instruction only on U1.S. aircraft, to 82'r on the second day after instruction on tile
non-U.S. aircraft. This increment was statistically reliable.

The results of these experiments indicated tha:. (a) when only one group of aircraft
is included in training, tle accuracy of identifying unfamiliar aircraft was tnacceptably
low. and (1I in order to achieve desired proficiency levels following instruction in
identifying aircrafts of all classifications, such aircraft must be included in the train-
ing programn.

ANALYTIC STUDIES OF CLASSROOM METHODS

A series of studies reported by Whitmore (I al. ( 1-1) had the followving objectives:
(1) To identify the minimum number and type of aircraft views tused during

training that would produce a uniformly high level of recognition transfer
to all aircraft views of operational significance.

2' To establish an ope'rationally valid time interval for exposing aircraft images
during training.

MINIMUM TRAINING VIEWS

In a series of transfer-of-training studies. trainees were instructed with limited sets of
aircraft viewss and then tested on a wider variety af recognition views. Seven different
c,.1nfigurations of training views were studied, varying from a single view of n aircraft to

a nma'imunl of nine views. In each of these experimnents, thie trainees were required to
leartn to retognize six airtcraft. The proficiency level desired upon completion of instruc.
tion varied ietween SU mid 9(fl from study to study.

Two experiments t a smigle view of each airt-raft for instrutiton, and twvo others

tsed three viewAs otoe tr- ning v-onditun tusei the three plln-fornm training views trcldt.
tionailly tusetd m reognition tranming. A. fifth ixperiment presentdi five view'. of erach
airc•4aft during instructional pieriod, and the final expea-riment pr-r-illed nine Vtevws of
each aircraft. The viiews for the profic-iency tkest con'.nteld of tilning views as well mn

images not ted in the tralinig prtram.. A total of 31) different vcA. I wa3 shý'own for
eavh of sv%, arr-rft during the enld.oftraitntng tets. the effectvene.s of each trining
condition wu evraluated With • rSe•tI to the itwrloht ion acc-ut-y for familhav ti. unfa.

nnliar vwwsu.
Trhe average m-couimtzon as-airacy for fsilia ne-ws vatrid tc-wvt-e-n 79 and 9¼. Thie

a-c-rac-Ty for veirw not usedr4 in tranttng varwdl b.tweenlli 51and "0'. \ijniintunt decre-melt
in re flnithtoii accuracy oca-ur,-d for tihe trainling cpndnloi; that tisex the grt-atest
ntMtber ofl cts'. for ins truct o.. A "eitnn titnn 1los of Y" reullted from the u"i oif the nine
traitnin views. Thr ma•imum dui-ment'.tt were a%*rcmtojt with tile trnlli• progratm that
I a 'm"323ll1 numbeir of view'V {ither ne ortit three), o1. . n•r, %tudent& ttainet with th--
thre-v plan-formo view;s were no mnore ac-urate than %hstudent trainedt ul th only a stingee
talhqure ten.', in contrapt, the traning condition lha!t wetd t iree ohl;qtely ori-nted
trainitg view's pw'aidl a1 greater level of tran4ver of tralinig to unfanii.hr nle- than dl0
the t-rinin wilth the plan.form view..

Thai tw,•se. of idicad t that tlhe i Lew'a durnin tra-ning Mil14t be"

,etexird to piromne lmifrcl umnr"313zation acr.s vIs1 aii'rraft vr-wi' of cicalw- ssgnfa-a,-ncr.



EXPOSURE DURATION

Whitmore et al. (14) also studied the effect upon recognition accuracy of varying
the exposure interval during testing. A group of students was trained by a common
instructional method, and then divided into three subgroups. Each subgroup was tested
with different image exposure durations-one, three, or five seconds. The results of this
experiment indicated that the duration of exposing the images during testing did not have
a significant influence upon recognition accuracy. The generality of this finding, however,
is limited to the conditions of this experiment-specifically, to trainees who had been
taught to discriminate among six aircraft with an end-of-training accuracy of 90% or
better.

SUCCESSIVE VS. SIMULTANEOUS PRESENTATION

In 1965, Gavurin (15) reported an evaluation of two methods of presenting aircraft
during recognition training. The aircraft to be learned were presented successively, in the
first condition and simultaneously during the second condition. Gavurin found that, on a
subsequent proficiency test, significantly greater identification accuracy was achieved by
people who had been trained with the simultaneous procedures.

PAIRING AIRCRAFT FOR DISCRIMINATION LEARNING

Presumably, a portion of the effectiveness of the Sargeant and GOAR techniques
may he attributed to their provision for simultaneous compa'ison of images of different
aircraft. Somewhat conflicting results have characterized research on this particular
1)rrb)lpm. Harvey (11) cites a sti y reported in 19-44 in which it was found that
recognition proficiency (lid not depend upon whether similar or dissimilar aircraft were
presented together during training. Recently. however. Vicory (16) reported an exte .sive
series of experiments in whkh the opposite results were obtained.

A series of experiments was conducted to evaluate various strategies for pairing
different aircraft and different views during instruction (16). In one experiment, the
discrimination practice consisted of simultaneous lpresentations of pairs of (a) highly
similar aircraft or (it' aircraft with low similarity. On the end-of-training test, it was
forind that rtcognition a,'curacy was greater for those traitiees who had been instructed
with highly similar pairs of aircraft.

Vwory also cvaluat(T d fmur strategies for tvaching dliscriminai;ng ('ties or attributes by
. hich aircraft can h), distinguisheld. One t(Vc'hniqum, involved teachinIg only the cueIs that
discriminated btetween frietndly and unfriendly aircraft. The s;cond technique involved
teaching distc-in miati n betwv(e1n airtraft within a nationality ciass, the third included
both type,; of dicrimitiation training, while in the fourth, trainees received instruction in
which no M trihuti, training wai given. Tht retsults indicated that either tech, niqtue for
teaching he dist iiguitting attrihliutes was effective, although techniques that involved
UtM'h n4 bo~th within 1nd between ,Vla,:s attribue. tended t(. interfere with recognition
act uraCy on the- profitiev tv'.-t. Tltm'sc effetts wtere m11ore' pronounced for di(criminations
Iwtwi-4n highly s"uIlar aircrft.

Two %t rat(-glrs '10r pairing airt-raft images (uring (listrim iation traiining were talIt-
atMd In anoth4r of Vicory', ,t'xleriinents. In this expenimtrnt., the discrimination training
consi•ted o" ptrvi'ntat ur of eithe1r a1 the sme view o nifferen t aircraft or 0h1 diffterent
views of differeiit airt-raft. .'ifter trainit!. all sub--bcets were given a proficiency test, the
a-M.lt) ,f which Ialnduite! that identific-ation atct--iray w.is higher whent- thet sallimt views of



different aircraft were paired for discrimination learning during training than when
different views of different aircraft were paired.

Another aspect of Vicory's experiments included an evaluation of the provision of
rule pretraining (prior to formal discrimination learning). Rule pretraining consisted of
instructing trainees in how to use rules to classify and combine aircraft attributes for
making recognition decisions. Vicory's experiments involved learning to recognize four
aircraft, two U.S. and two non-U.S. Thus, he was able to establish a four-classification
response situation that depended upon the joint values of two independent binary
dimensions. One binary, the affirmational rule, involved between-class attributes (i.e.,
attributes that distinguished the U.S. from the non-U.S. aircraft). Within each of these
classifications a second binary decision, a conjunctive rule, was available to further
distinguish between the name discriminations of each pair of aircraft.

The results of these experiments showed that rule pretraining had some effect for
discriminating between similar views if no similarity cueing instruction had been given.
However, when dissimilar views of different aircraft were provided for discrimination
learning, neither rule pretraining nor the attribute training had substantial effects upon
test performance-although performance did improve when the two were combined. The
greatest inaccuracy on the proficiency test was produced by pairing dissimilar views of
different aircraft in combination with no preliminary rule pretraining. Under this condi-
tion, a significantly greater number of between-class errors in the recognition judgments
occurred. Rule pretraining substantially reduced between-class errors, but increased
within-class errors.

SELF-STUDY AND SMALL GROUP TECHNIQUES

Aircraft recognition training has traditionally consisted of group instruction using
projected slide images supplemented by individual study of silhouette cards or recognition
sheets. Such training is normally given during formal individual and unit training periods.
Analyses of military training requirements indicate, however, that such group approaches
need to be supplemented by training materials suitable for self-study (or for very small
groups) in a highly flexible training schedule.

In 1971, Miller and Vicory (17) reported a s(*ries of experiments designed to
evaluate alternative programs for teaching aircraft recognition using printed visual
imagery, rather than projected imagery. The primary objective of the research was to
identify effective printed self-instructional training programs that could be used to
supplenlent formal classroom instruction. Six different types of training materials were
evaluated:

(1) Multi-Image Cards (MIC). Each of these cards pictured five different views
of one aircraft, along with a brief description of its most distinctive features. The
trainee's first task was to study each card to get a general concept of each aircraft. Then
he compared similar views of different aircraft across the cards. Tihe MIC was designed to
be used early in training when similar aircraft should be compared for discrimination
learning.

(2) Paired Comparison (PC) Cards. Each of these cards pictured two, or
occasionally three, aircraft at the same view. Aircraft names were printed tinder the
p)iC(tur(s on one side of the (ard, while the reverse side presented the same pictures
without names. The student first studied the paired images along with the aircraft names,
then turned over the deck of cards to practice naming the aircraft.

(3) Flash C.'ard Drill. Each ef these cards had a picture of an aircraft on one
side, and the same pi('ture plus the name of the aircraft on the reverse side. There was
:)ne card for each aircraft and view. After attempting to name an aircraft by inspecting
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the card, the student turned over the card to reveal the correct answer. In using these
materials, studentp were instructed to follow a "drop-out procedure" in which a card was
eliminated from the deck after the aircraft view was correctly recognized. The flash card
drill was designed for a more advanced discrimination learning level, since it required
performance under circumstances much like the ultimate test conditions.

(4) Sargeant. The Sargeant procedure for training aircraft recognition has been
described earlier in this report. With this procedure, the student first studied the "key
book," which showed a few views of each aircraft along with a written description of its
distinctive features. Next, the student attempted to identify the aircraft in a second
(problem) book by referring back to the key book as needed. The Problem Book
(Book 11) contained the 60 views on which the student would subsequently be tested.
This book had 120 items, each aircraft view being presented twice at various image sizes.

(5) Sorting. Each trainee was given a stack of 60 cards (one card for each view
of each aircraft) and a sorting board that had six spaces, one for each aircraft. Above
each space was a written description of the distinguishing features of an unnamed
aircraft. The student sorted the cards into six stacks, one for each aircraft, using the
verbal cues presented. On the second sorting, the name of each aircraft was also exposed
and the student repeated the sorting procedure. On the second sort, the student could see
both the cues and the aircraft names. A third sorting was conducted in whiMh only the
names of the aircraft were visible, but no cues were available for his assistance.

(6) Sorting Game. This was a competitive card game based UplOn the sorting
procedure just described. The first "hand" was conducted using the sorting method, then
the game element was introduced On the second hand, each man paired with another as
an opponent and both played on a common board. The opponents had their cards in thc
same ordinal order, and turned over each card at the same time. The object of the game
was to place each card in the correct space before the op)ponent. Bonus points were given
for catching an ol)ponent's mistakes.

The relative effectiveness of these various teaching materials was evaluated on the
basis of an end-of-training test consisting of a slide recognition test previously :Ised in
[lumRRO research. Progress was measured periodically during training by a printed
version of a recognition test. Various combinations of the training materials were
administered to seven groups of students.

A total of 135 men participated in the complete ex)erinmental comparison. The
number of trainees assigned to each training condition varied between seven and 18.
Because none of the trainees had previously received formal instruction in aircraft
recognition, their motivation was not expected to he as high as that of men requirnd to
learn aircraft recognition for their military joh specialties. The training period for each
man was about half a day. and covered six aircraft.

The coinhination of i)rocedures that were evaluated represented various fea~ihle
training programs, but no one group used more than flro of the six types of train i ng
materials. ["or example. one group of 28 students began instruction with the M tilt i-I nage
Cards: moved to Paired Coomparison and ['lash C('ards: practiced with the Sargeallt
materials; and were then administered the end-of-training test. A second group coin-
nmenc(ed instruction wi th the sorting task and then received practice with Paired ('om pari-
son and Flash (Cards. For a third group, Flash ('ards were not included ill thV se[ue1)nce of
instruc'tion.

The least sti'trCtid training p)rogram consisted of' a sampling of all the materials,
'['he(se students were instructed not to spend mut1ch time on any one procedurte anl tim''
was called in ,ach phase even though several men had not yet finished. This program %.,:s
intended to give the students a salllp!e of all the pro(ce(rlIVs and then administer Ilh)
end-of-training test.

"..................................................•



Based upon performance on the end-of-training test, the highest average proficiency
level and the least amount of inter-trainee variation in accuracy was attained by Group 1,
which received structured practice involving the Multi-Image, Paired Comparison, and
Flash Cards, as well as a review using the Sargeant materials. The lowest level of
achievement was attained by the group that started out with the sorting task and then
practiced with Paired Comparison cards before taking the final test. When comparisons
were made among the seven training conditions, it was found that Group 1 was signifi-
cantly more accurate than each of the other groups, except the group with the training
condition that heavily emphasized Flash Cards followed by sorting. In all instances,
Group 1 was, however, characterized by a higher achievement level than any other group.

Additional analyses showed that the trainees in Group 1 who received Paired
Comparison practice before Flash Card practice achieved highef levels of proficiency than
the trainees who were administered these materials in reverse order (i.e., Flash Card
practice following Paired Comparison training apparently was more effective than Paired
Comparison training following Flash Card practice). Other analyses suggested that the
final procedure used with Group 1 (the Sargeant method) probably could be eliminated,
since there was no additional improvement on the periodic tests given during instruction
after practice with these materials.

It was also found that Group 1 attained their learning goal in the least amount of
time. This group averaged 96% correct recognition following an average training time of
71 minutes-or about 12 minutes per aircraft.
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Chapter 4

RANGE ESTIMATION

INTRODUCTION

This chapter is concerned with several different aspects of distance estimation orrange determination. Man's ability to estimate the distance to ground targets has been

widely explored, but very little is known about the ability of an observer to estimate the
distance to moving aerial objects.

Research on ground-to-air range estimation ability has been characterized by varia-
tions in the definition of thle range or distance estimation task. In some research, the
observers have been required to estimate the intervening distance between their position
and a moving target at some random point in time (Wright, 3, Frederickson el al., 4).
Other research has been concerned with estimating the arrival of an aerial object at some
spec;fied criterion distance or range (McCluskey, Wright, and Frederickson, 18).

SKill other studies have been concerned with determining stadimetric accuracy: that
is, how accurately an observer can judge the match, or coincidence of, the apparent size
of a moving target and some standard or reference object (McCluskey, 19). The latter
task does not constitute a range estimation task per se. Stadimetric ranging requires the
observer to judge the equality in either the vertical or horizontal substance of two
objects, one of which is changing in its substance (in this case, a moving aircraft).
Stadimetric ranging involves matching apparent sizes rather than estimating the distance
that intervenes between an observer and some distant object. Since range estimation or
distance determination can he accomplished by stadimetric ranging techniques, research
on the latter method of estimating an object's distance is included in this dis'-ission.

DEFINITION OF RANGE ESTIMATION ERROR

In common parlance, people may talk about overestimating a distance of under-
estimating a size. In research on distance estimation abilities, there have been conflicts in
the ways in which the terms -overestimation' and "underestimation" have been used. In
research conducted by Wright (3), for example, if an aircraft at a distance of 15,000
meters was judged by an observer to be at 12,000 meters it was said that the observer
underestimated the distance to the target. On the other hand, if the aircraft was at
10,000 meters and the observer said it was at 15,000 meters, it ('oUld also be said that he
overestimated the distance between his position and the target.

In contrast, in studies reported by Mc('luskey eta(. (18), some experiments required
the observers to estimate when anl aircraft had reached some specified (or criterion)
range, such as 1,500 meters. For studies involving the estimation of specific predesignated
criterion ranges, errors in estimation are calculatedi as the act ual distance to the target
.'1in'us the judged (i.e., criterion) distance. For example, it' an ohserver is required to
estimate an open-fire distance of 800 meters, and he does so when the aircraft is actually
at 1,000 meters, Mc('luskey N(1 a. would say that the observer had oL('r('stinlat'd the
awiount of distance consumed by 800 mtiters, if the observer signaled that an aircraft %ias
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at the criterion distance when, in fact, it was at a shorter distance from him, they would
say he underestimated the amount of distance consumed by 800 meters.

For the sake of consistency, the definitions used by McCluskey el al. for "over-
estimation" and "underestimation" will be used in this report. 'T'his usage has been
selected because most of the research on ranging has been concerned with observers'
accuracy in judging when specific criterion distances or events have occurred. Relatively
little research has been devoted to evaluating the accuracy of individuals in judging a
wide variety of intervening distances between themselves and moving objects.

The research on stadimetric ranging can also be confusing with respect to the use of
over- and underestimation. When an observer is attempting to match the sizes of a
dynamically changing object and a fixed or stationary object, he can, for example,
overestimate either (a) the size of the dynamically changing object or (b) the size of the
static object.

ESTIMATION OF AIRCRAFT DISTANCE

This portion of the report is concerned with the ability of observers to judge the
distance intervening between their position and the location of an object. For example,
an observer might be asked to judge the distance between himself and a barn or to the
top of a tree. As applied to the aircraft ranging situation, he would be asked to estimate
the distance between himself and the position of an aircraft at one or more times during
its flight path. For example, we might ask, "As soj'i as you detect it, tell us how far way
it is." Or, "As soon as you can identify the aircraf', please estimate its range." Wright (3)
included distance estimation in the extensive Dorna Ana field test described in the
detection and recognition sections of this report.

ACCURACY WITHOUT FEEDBACK

Wright's observers were given preliminary training in range estimation, which con-
sisted mainly of' practice in estimating distances varying between 350 and 2,000 inetes to
groun(d targets, using the size of familiar objects as ranging aids (e.g., fence-posts). As
descril,',d by Wright, the major purpose of this training was to provide the ol)server with
a bas.is for establishing or developing a "reasonably calibrated yardstick" to use in making
his estimates during the field tests. In the field test itself, however, there was no
opportunity to provide feedback or target range information to the observers.

I)uring thie field test, each ol)server made three distance estimation judgments during
each flight (Jr a target, suL)sequent to the (letectioll, tentative recognition, and positiv(e
recognition resl)onses. 'l'wo-thirds of the distance estimation judgments were made with-
ouit uLse of visual aids, and one-third while th1w observers were using binoculars for the
detectiion and recognition judgments.

(O)b servers were located at three Iponsitiions with respect to the aircraft's flight path:
dire(ctly underneath, 650 meters offset. and I.-100 meters offset. 'Ihe results of this field
test suggested that hoth the us(, of' binoculars and the ohserver's offset d,d affect the
magnitude of the, ranging errors. In Wright's study, ranging errors were cornputd ivl.;
estimated range minus actual range. Thereflore, a dI istance was ot,-,'(,stimatid if the
o)htrver sai.d th, aircraft was fart her away from him than it act1allV was. The ranging
,rror": varied between large overestiniati-,s r(I' m ,: observers located direct'ly tunder the

fmio!t ipath to large underestimates for olbservers located on o•fltses from ti lt 'l ight path.
'l'he Most a.'curat, (distai.i.(' e•tliu•t ions wvrv mavle by the group with tilt )-rnieter Ol'fset.

...



The nature of the errors blso tended to vary as a function :'. the actual distance to
the aircraft. For distances beyond 3,000 meters, the aircraft's location tended to be
overestimated, whereas underestimates characterized range estimates for the target posi-
tions of 3,000 meters and less, if the observers were located .inder the flight path or
slightly offset. However, for the observers located at the 1,400-meter offset, all target
distances tended to he markedly underestimated (i.e., aircraft errone, usly judged to be
nearer). Ranging errors also tended to be smaller for observers who used binoculars.

ACCURACY WITH FEEDBACK

Distance estimation was also included in the field s'tidies reported by Frederickson
et al. (4). Iln this field test, observers were positioned along a line perpendicular to the
flight path at observation posts (OPs) 200, 1,400, 2,600, and 3,300 meters from the
crossover point. Jet fighter aircraft flying at very low altitudes (less than 200 feet) were
the targets. The observers estimated the slant range from their location to the aircraft at
a signal given by test control personnel, The actual ranges to be estimated varied between
1,000 and 5.000 meters, with the maximum slant range increasing as the OP's offset from
the flight path increased. Both minimum and maximum ranges varied according to the
observers' location from the flight path. For the 200-meter OP, their range varied
between 1,000 and .4,000 meters. For the most distant observer location, the 3,300-meter
OP, the true slant ranges varied between 3,400 and 50,000 meters.

This task involved distance estimation, rath._Žr than estimation of the criterion range,
because the observers did not know when the test conLrol center would order a distance
estimation judgment to be made. Hlowever, the observers did know the minimum and
maximum limits of tile slant ranges that would be characteristic for their OP. In this test,
it was possible to provide observers wit[" knowledge cf results concerning the accuracy of
their judgments. Immediately after the aircraft reached the crossover point, the test
control director informed the observw-s of the actual flight-line distance to the aircraft
from the crossover point at the time th01 judgment was required. The observers were
provided with a conversion table for each OP.. which permitted them to transform
flight-line distance to the (orresponding slant range for tilt, OP. Thus, they were able to
determine the magnitude of their ,,rror in judging the distance to the aircraft, although
this proce(dure did create a delay in the feedback provided them.

Differences in the type, or direction, of error tended to vary among the offset
positions. At tle 200-meter O)P 1which might be consid, red almost under the path of tile
aircraft), the observers consistently tendled to underestimate the true slant range. For
example. Ihey estima.ed an aircraft that was actually .1,000 meters awa., to be, on tle
avew'age. :3.200 )neinrs distant. The results of this field test indicated that thie average
error decreased as the observers' offset increased.

EFFECT OF OBSERVER OFFSET

There was als( a it ndhncy for the varihility among observer judgments to decrease
with Increasing offset I(,redericlksonr el l.. hI. The average error for the 200.1-eter offset
was - 176i meters (an ,nde,'v -Oiniate). The average algebraic errors for the other three
observer locations werr 81, 2-). and +.53 meters. For the almost head-on obser-vations
(from the 2,0-rme-ter 011), the magn itude of the errors increascd as truti slant range
increased. At tilt more laterally p0osition'd ()1's. the average errors included ovtrestinma-
nions as well as uind(resrctinat lollsc: as a result, there was no trend for error imagntntlde to
change systenlat..cally as a funtaliion of tru'o latit range.
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The results of this test were also analyzed in terms of an error dispersion index (DI),
which was defined as the square root of the second moment about 0 error:

DI=P7 or DI =V " + o-'

This index provided a measure of the total dispersion of the estimation errors about the
true slant range and reflected biases (that is, consistent errors in judgment among
observers) and error variation caused by individual differences in judgments. The I)
tended to increase in magnitude as the range to be estimated increased. In addition.
except for the observations made at the 200-meter offset, the average judgmental bias
(average error) contributed little to the total magnitude of DI. These results indicated
that the major portions of the estimation errors were due to variations in judgmental
accuracy both within and between the various observers.

FULL-SCALE TRAINING METHODS

COMPARISON OF PAIRED-ASSOCIATE,
FEEDBACK, AND STADIMETRIC METHODS

The two major field studies (3. '1) provided both a foundation and a stimulus for
additional studies to evaluate factors that may influence distance judgment errors. Several
experiments were replorted by Mc( 'luskey ct (d. (1_ 1) that were concerned with accuracy in
judging criterion ranges such as .100 or 1,500 meters. In one study, the observer's task
was to estimate when an aircraft had reached a distance of :350 meters. Observers were to
make two 350-meter estimates, one when the aircraft was inbound and one when it was
outbound. The observers signaled the :350-meter event by delJ)ressin1 a pJushbutton. This
study of criterion range estimation evaluated tWo techniques of training mten to make
such judgments and a third technique( involvingl the use of stad(lillttric methods of
determining distance. The aircraft flew at a constant speed of 1(0( knots and altitudes (f

175, ;300, and 100 feet. 'Th, trainees were given 18; practtice trials in estimating the
:350-metter range for inlbound and outbound aircraft.

()ne groul) was taught by a l)aireod-asso('iate training method. Il this method, the
instructor an nounctd slant ralnges of 15t) meters diminishing to 250 meters for hoth
inconing and outgoing directions ot tilth aircraft. Students wee told to attend to the
atpareint size of tihe aircraft and to try to rl univinkr its a .I learantive it a criterion distanc 'e
of 350 )meters.

A secon'd training mlethod involved immiediatt, reinforcenment or t'edblack. The
trainees il this group rt 'werf informed that as the airtcraft Iaissed over the ,y would be told
to makt, a distanc., judgmtllent at two different timt's -o()nte as tilte airvc-raft wa,, incOming and
'tile as it Was, outgoing,. (O)n cllimand. the trailntes were to e-stIlmate the dislanct'e Ito tili

ircraft. Inmned iatlv afiter they had revorded theiir answer-, oin a st.ore .hvet, tlt,\, were
i. rornied of the .orrecrvt distance of thet- aircraft at tilte fim tilt-\ made their vtimatv. .\
ralldo squll ot' f o ai'ri-aft dnstanlct'es. va'yillg bet t\ct-w 250 and I1( mieteIrs., w.Is u'sd
(luring the training trials. Two-thIirds of the Judgltments during ltpract ce were l ,,it'ired when
the aircraft \wais thIllrtl at 300t. 350. or 1((0 mttter, .lall, rallne.

A\ third group of obr+'vers e.m1ployed sta(litnetrit' IIII4.161 . technique, usin tluthr
ihde.x finger l-Id at arm's length as a rallging alid. 11'sin .lhis fillger occilu.tsilo te,,hmiititue.
tilth third group ohms-trved the fliht of tilt, aircraft ;Ila ! hward anno;tnemenit-tll s of the slant
rang, s i.h ;air'riaft moved towa'id and away from tlhivir p)oitio)n. "'hi-ir task %\;as Ito tr.
to remninmber how% in-ivii 'if thlet aircraft was octcluded by i "y Ithemde\ flil.-r whell ,i rallne of
:50) met em's ws i.anncwltl-td.
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Prior to receiving any training, each of these groups had been administered a
preliminary test to evaluate their baseline performance level. After training, there was a
statistically significant difference between the pretest and an end-of-training test for all
three groups. The average error during the pretest was +229 meters for all conditions and
both directions of flight, whereas the post-training test had an average error of +53
meters. There was, however, a significant difference between the error magnitude for the
incoming and outgoing directions, which occurred for both the pretest and the post.
training test.

The magnitude of this error varied with the training condition. The students who
had received either the immediate reinforcement or the paired-associate training had an
average incoming error of approximately 150 meters. The direction of this error was
defined as an overestimation since the observers apparently erred in their judgment of the
amount of space covered by 350 meters. The average outgoing error was approximately
-50 meters, that is, an underestimation. In contrast, students trained on the stadimetric
ranging method (finger occlusion) had average errors varying between +68 meters for
inbound flights and -60 meters for outgoing flights. When averaged over both flight
directions, this training technique and job procedure had the smallest net error of the
three techniques evaluated.

ALTITUDE AND ILLUMINATION

A second experiment was later conducted to evaluate the effects of two factors that
could, potentially, influence estimation accuracy-aircraft altitude and amount of illumi.
nation at the eye. The aircraft flew at approximately 100 knoLs at two altitudes, 75 feet
and 400 feet, corresponding to target elevation angles of 9 and 55 above the horizon.
Two levels of illumination at the eye were achieved by the use of varialble density
goggles. Performance under normal daylight conditions (approximately 1,500 to 2.000
foot-lambxrts in the southwestern United States) was compared to a condition of reduced
illumination that approximated an overcast day. This was achieved by adjusting the
variable density goggles to near maximum polarization. The light transmitted through the
goggles was then approximately 5ý'; of the ambient illumination.

The observers were required to estimate when ;a aircraft had reached a distance of
350 meters from their position. The observers used in this test were the sanm' as thoSe
who had received the three different training and/or aiding techniques descrihed in thel
previous paragraph. The results of the exi eriment indicated a statistically reliable differ.
ence in the error magnitude for the two target altitudes. The mean error was +88 mneters.
for low elevation and +32 meters for high elevation. The overall meian errors were +1 10
meters for incoming estimations and -21 meters for outgoing directions.

No significant differences vrt.n found bINtween the two illumination levels. The
researchers noted that the magnitudv of the incoming.outgoing differencve in error was
l'ss when the target was at high elevation, which ,uggested that airvraft elevation may
have Ixe•n partially reslonsible for bias ohmbrved in the previou tests.

USE OF HELICOPTORS IN TRAINING

Additional training vxpxerinients were -ondhcted to) obtain further evaluations of
unaided e-,ttilat4's of criterion ranges. lie earlier exlm-rine•nt had evaluated paired.
:s•ix'iat - and immediate reinforcement edl-ni(jtie, using relatively •low aircraft and a
criterion range of 350 ametr. during training and tsting, The later ,rsanr-h madeh further
compar••ons of thesw two training techniqute for criterion ranges of i10, 800. 1.M10. and
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2,500) meters. T1his training experiment used jet aircraft at altitudes of approximately
100 feet.

Twenty-eight men participated, 14 for each of the two training methods. Each group
wvas further subdivided into two sections. One section in each training method was given
preliminary training involving the use of helicopters to provide a relatively stationary
target for initial learning. Although a pretest was sc-heduled prior to thle conduct of any
training, instrumentation failure at the outset of the experiment resulted in a loss of the
pretest data.

Following training, each group wvas given a post-training test )n a terrain area
different from that used during training. This was done be(cause tile results of an earlier
full-scale field study ( 1) had indicated that terrain features may be used as cues by
observers to determine criterion ranges, and it was desirable to eliminate familiar terrain
cutes (e.g.. those that may have been used during training) for thle end-of-training tests.

Each trainee was required to learn to estimate thle four different criterion ranges.
D~uring the test, each trainee was required to mnake two estimlates of one( of thet ranges
each time the aircraft flew over--one for the incoming and one- for the outgoing
dlirection. The specific ranges required on a given flight were announced prior to the trial.
lThe ob~servers received extensive in.A;trction, consisting of :36 training trials each day for
three days, p~lus a daily proficiency test consisting of 12 additional trials.

This training experiment involved a combination of the characteristics of bo0th
criterion range and distance estimation tasks. Although thet researchl objective wa-- aimied
at determining the ,ffects of training miethods onl criterion range estimation, thet training
methods used requiredl thet observers to make distance estimations that varied about thet
criterion ranges. For example, thet observers receiving the immnediate, reinforceeniit
training were told to make an estinmation, upon command, at two different point.- during
thet pass of thet aircraft-one- incoming and one outgoing.

Tlhe instructor gave a ready signal approxiniat.'lv two set,, 'nds be forte saVing,
"E,,stimlate now." '' pon hearing this comminand, thlt observers recorded their estimate of

thet aircraft's range at that instant. A\fter thet trial had been comipleted. they were told thet
correct range. )ne-t bird of thet training trials involved t-stimiatt-s of tilt aircraft position1
when it was at one of the four criterion rallgvs. On two thirds of thet trials, thlt "Estimnate
now" comma11nd was given whi-n tilt- aircraft wan. at grvater or leMrraliges.N

F'or the. paired-assotciate training, a se-ries of five conse-cutive range~s was ailnounCe'd
for bouth Incoming and outgoing directions of the aircraft. Fach s4'rit-s ctinsi',1 ed of one of
tilt- four criterion ranges at-i'oipanited by ,hw bracke-ting ranges%. ( )brrv.'rs wý.'ri retluet%tedl
to pay attention to til t. 11part'nit site. and distanct', of thet aircraft -t Othe ranuvs wtere
annouinced and t o -kveep itn in Ind "the t ringve t Ihtey " -rev lI IIII! tra InIed tto (-.%, iat.'JtI I I.ev.,
thet criterion rAnigesi.

F~or those nis'n wilt) revei~rid the ,tippleniet-ttiy hi-licinpier insiruct-tion. nn,'third oif
thlt trials onl each day we-re condluctedv at a srparatv iratining facility. whiei use-d thlt
hu'ht-ujiter a,% a target. TFhe trainling Jiroci-dultrV ii 1111 theV bI-licot-(tltr Wl-rv the ~air~ z% those
us-ed with tili- jet aircraft. t-\ci-rpt thuat thlt hi-litopti-r inst rut~rIt ininvolved oll'u-atitill of
lilt e-Ssentially ~t at lollary m-rial targe-t. Stude-nt,, wI the heit-1icupt.- training gr rpswin-
infornied thit tile jrt za',rcra ft would het ;Ippro~tiinati-y Oteizv tinifl' .44 large ws the
hrit-licot-r; othewVi%,-, lite n--trwtiojl- fo~r litb the Fitlmei-tate rviinftirr-nient and Vpaired.
4%s'tsteiate tfaiiliit-A Metollo1 w~i'rt 11ike 0111w ml~-vnrt- 11% o4w-rver, not hav.ting the(

Aflahyqis of liii Jlost-traillii t-'%st g11kon fin thll finl' Jiay iJholu 'd no igntfi.-aii
differeneie Imtvetie thel iwvo groupst tir"if"d %,. 111h mliv thet Jet aircraft \'2i:1l~~~
dilfft'renICe WasL ffbtlld btut-vei the tutt training niethodfs fovr the c n that 1-.Ud rve-r- edx
thet helicopter M011.10141111. Thuftu- vibo hafhi iope littiictIII vin nhinatiml wvith



paired-associate learning tended to sub~stantially underestimate the greater criterion ranges.
whereas thosie who received the hloprsulrnteinimediato-reinforcement
training tended to overestimiate these distances.

For shorter distances, there were no appreciab~le differences among training prove.
dures, whether supplemented or not. In addition, there was an interaction between the
criterion range involved and the flight direction of the aircraft. Although the criterion
ranges of .100 and 2,500) meters tt'nded to lx- underestimated for both flight directions,
the other two criterion ranges 1800 and 1,500 meters) were overestimated for incoming
and underestimnated for outgoing flighti.

Airc-raft altitude again had an influence upon error magnitude; the distances to
aircraft flv!ng at an altitude- of 750 feet tended to be overestimated to a greater extent
than for aircraft at 250 fee-t. Further evaluations of training methods suggested that thle
supplementary helicopter- instruction may have tended to increase the accuracy of judging
r-dativvlv short criterion ranges, but tended to produce estimation errors for 1,500i and
2,500 meter ranges. In general. the immediate reinforcement instnictional method
produced the smallest judgmental errors. Tlhis expe-riment suggested that approximately
100 training trials were required to learn to estimate all four criterion ranges with
reasonable accuracy. Hlowever, since additional training was not provided. il. was not
known whether further increases in average accuracy and decreases in individual differ-
ences would have ri-sulted if additional instruction had beeni provided.

TRAINING IN MINIATURIZED SkTUATIONS

The uise, of miniaturized. or reducved-scale. facilities for training in distance and
criterion range estimation was included in thle studies reported by Mt{l'ey at . ( 18).

Asnidlls11l1 pilot Study. using a 1:50-st-ale reduction of range estimatijin s-ituations, was
conducted in conjunction with the comparison of training methodis reported in the
previous pa~ragr~aph. In the pilot study, five obseArvers were trained by the paired-assoiciate
method to judge five distances that bracketed thle four criterion ranges of -100, 1800,
1 .500. and 2,500 mneters. A~ 1: O-scA-le modelI of anl F-1 00 airc-raft was enill4OVV`ti 4s the
ranlging tariket. The modlel aircraft was fixedf to the topi of a stationary pole, and the
observer, walked toward or away frOm it as the varintis. inconumv andi outgoting rzinges
Were a1MOnnouncd.

Following thil training. wvhich consi-sted of" 36j plrattice triakls, the oKs-rvers were-
tesited In a full-ucale environthentt, Ind thle re-sults' of their post-traminng tess were
comlpared with the rte5ult" front observer% who had bvern trained in a compatrzble tull.-sale
rnviroiinwnt. -Stata-ttcvat analy5es of the two grooi;s iredolut-mlale vi. full-sr-tlp trainingi
indicated that thle judgmirntal error. %ere vxvt-~ ~rept for ofle distance, 1.500
mit-Icr. inbmurad. For that te-st rondition, the oh-wivers who had rec-rived) "rucslts-al
training hadl s-Vternattcally larger t-rrors. than thou, who h:;d receret-t full-stale training.
With this Ccrepticin, the piflot Wtdy Axaeestod that "eucecI&s~ale training wra. a feasiblc
metthodl f(Tr dertelopling ,ill in critetion rastgi v-%timiaticin. Firm in this "rlunedrale
training i-ituatzon. largv estitnation errirs. we-re associatmd with the morinrilet of the
-niviund ".:r-raft, similgr ito that Mhc a oct-vurird 41'r ohi-nivets rrs-stiving funlis0Ca-
training by tither intthticis of uintrucutiot.

Thse t iilts of the 11i1C4 'ttudv kotulag" a gmwater lilterest in thr fvaslbtltty of
j~oyng ted-wleor tnmuaitutiz%'. ;;pjvroatchr! to training! range mlitiatto". A

~siscr~cn e'perttwt.alson nruorte by 'Mrlu4oey c-1 t
1 . t iS1. it" two itiwthods, of

destatnating. Criterion ranrgc's hal 11W-d ;;rce'cai trainnuj vw-ron~iment, lIn this pei
mealt. 11w Immediate reinfotrtu-mnt I nring meiithodl %as6 r-mployr'd. an ron"JunC1ion with
two approaches% to "111u-ing range cilitwulu cvf'-i-rot-. a -1ilay those a";puteia With the



inbound or head-on view of aircraft. The pilot study indicated that the inbound estimates
were greatly in error in that the observers tended to overestimate the criterion range
required, One technique to overcome this conitant error was to delilxrately bias the
training of inbound criterion range estimar ions, by employing a false or biased scale
during the training program.

A .scond group of observers were trainLd to make the distance estimation ol)serva.
tions while viewing the airtcraft through a partially closed fist with alout a dime-size
aperture at the far end. This resulted in the observers using monocular vision in viewing
the aircraft with a reduced field of view. The aperture also provided a stadimetric aid for
comparing the apparent size of the aircraft with the diameter of the aperture.

Both groups of observers were also instructed to attend to the size of the aircraft
and( to pick ou, distinguishing features that were visible at the various training distances.'
Both groups viewed the model monocularly during training. Again, the aircraft was
stationary and the observers moved toward and away from the model. Each observer
estimated each of the four criterion ranges, first inbound and then outbound. During
,ach trial and following each estimation judgment, the observers were informed of the
correctness of their response. The results of a subs.quent full-s.-ale test were analyzed
statistically, and it was found that learning had oc-curred as a result of the training
experiences for both groups. However. the average error for those using the staditietric
aid it-lose!d fist) was significantly smaller than for the observers who were trained by the
biased training method. Again, it tas found that range estimation errors for the
incoming, or head-on, aspects were significantly larger than for the outgoing direction.

USE OF THE RIFLE AS A STADIMETRIC AID

The final experimtent in this series of training research studies involvedl determinng
how many training trials were required for obscrwvr- to learn to estimatc a single s.- ale
dlitance of 350 meters, while using a stadimntric ranging tet-hniquie. The stadimtetrwc aid
in thlii cawe consisted of a replica of the front sight guard of a military rifle. All training
was conducted on a miniaturized situation using 17Ž2-Wsaie motlels of airraft that wero
moved on al electrically oiwert-l carriage.

The model aircraft was moved at a scale slved rpres•enting 100 knots and the
observers were stationed at distances 5s-ilmcd to re-preent 0., I00., 200,. and 300,metter
offwts firom the target path. T11C training method eniployed inIIneA1ite knowledge of
ret-sts.ý wlit h followed each ohserNvr'5 judgn•wnt of thie criterion range. In thils s•tuaton,
itstruntentatnin was dte-vt sio that whnm the ob-servr mtde a c-terinm range jpdgment.
the aircraft moovement waw terrmiatat and the, arttuil dis-ancr of the alrraft from the

Qcsxve(V wSa, annountiWm.
If the estimate w -wrong, the tarret was• then moore4d tto the corre-ot -tsilton to

provide- tiptiuntiest for didtional ohw t ,tun by the trant-e-e tsing the tdime-ter. The
acruraey of their judgment-s following tr'inttn ws tIsted in a sr-anser oudy, agZain using
moiel atrcraft, which iunlded ia• K44 ,nndi, of fotur t-•wtlal let!. that vaid in fusr-elag
length an-d isngspai. 1w te•,t resuklt dtd not 5thoir any sgntfwcnt vmtiion tn error
asscitat"I with the cur- of the amrs1'4lto ýhat tvst s luattoln. the outgcnng mtnge udemptit
ens-irs u-orf foanil to fubck Ifign:ci t ly Luarger thani tfie invcomngt ernovs., Thrrr was, alsoi a
mcilnficant variat ion In Acc-ur;;C a& a fisncit io of the alvwrve~r of fsrt.ý

The stwotutng judeniernts- of cntecV"u r=4ge wet onxhrmh1 morr actcurate than
hapd tw-en olii'ieml pr'-toutdy w full-scal and .aui~e wi~tm. Thts, mteaw



accuracy was attributed to tile use of an indoor testing sitwlation, which could have
provided visual "anchor points" for judging the relative distance from the observer to the
target. Offset also influenced tile acc-uracy of the judgments of criterion range. The
judgments tended to he underestimates for the first three offsets (0, 100, and 200
meters) and then shifted to overestimates for the 300-meter offset.

Seve-al additional criterion range estimation studies were conducted by HumR110.
McCluskey (19) reported on these studies of various aspwcts of stadimetric ranging
techniques using reduced-scale facilities and immediate knowledge of results of error
during tile training program. T'hr training was accomplished in a reduced-scale environ-
ment. End-of-training test.% used fuil-scale test facilities with F-100 jet aircraft at altitudes
of 150 feet and a spe'ed of 4100 knots. 'T'he training program used a 1/48 reduced-scale
simulation of these parameters. During training, the model aircraft were mounted on
horizontal bars affixed to and tran-tported by a panel truck. The stadimetric ranging task
was accomplished using shoulder-supported weapon mock-ups.

These studies were designed to evaluate training for one .9wcific criterion range,
1.500 meters. Each weapon mock-up had a flat, black metal post at its terminal end that
simulated tile forward gun sight guard of a weapon. One experiment was conducted to
evaluate whether the feedback prov ided during instruction was qualitative or quantitative
inforination. Results of the full-stcale tWsting indicated that the rate or learning was
comparable for tile two methods and the test performazce showed no significvwt differ-
ences between the two training conditions.

A second experiment evaluated the accuracy of criterion rwnge estimation in a
full-scale environment following training in a r•uc-•dsclah, situation. During training.
observers were given qualitative infornwtznm on the magnitude of their errors (i.e., they
were informed %vhl.,ther they had fired too son, too late, or correctly for 1,500-meter
engageiment distanrce). Following the instructional period, the trainee- were given a
reducedl-s-ale crwt-rion test, then tested, a'd retet-ed 24 houri, later, in a full-scale
environment. The retesting was done to provide prt-hininary information or short-tern
retention of the accuravy of stadimetvc ranging skills. Analysis of the test result.-
indicated that accuravy varied over the tests and also as a function of the direction of
flight. The ave-rage error for incoming targets was1 *10 meters across all tests, a slight
over-stinmatton of criterion ranlge, whereas for outgoing targets, the error was ý171
meter-.-. Curtousy, the magnitude of trror3s for bo~th in•-ommg amnd outgoing tars'gets waw
evwentially the iame for the reduvd-w--ak tests, whereas for the two full-scale test-, the
error, wer- s.gnifivantly leýs for inroniing than for outgoing targvl. On the average, thie
oK.ser%-rs undrettainatrd outgorng dostatnrc by aNtroximately 200 menterý or Mrott- on thle

RETENTION OF STADIMETRIC SK:LL

A thiort e~kpienrunt rrpoartr4 by MV C'iusey (191 was% vonrirnecit withloer.
rtintiton of %tAdmrainr rantgi- tiraining, 'the rs-a-rth dmiogn i-rl-de, for rvqiU"w .W-ale
ttainio-i•. followc-Ed by a ;rtlut-eclic'a! tstw, and. 10 day& latr. by a 6Al1.s-'l- field tet.
The fulwlirca ftrild tx-st wa, thf-i *uqirnpk c-nte by ;xdditional taiintiV and anothirt
full.&C.4r test to tVahlate- the r eivns of Ttrettw ig~ nottsictio c-" Cerwr ngItuiitc .

11 thce third r-l'--nre nt. .6 oh,,.r.. u•-e• tran",d M a r",dm- Wai.-lr 01tuat-Uawn.
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obtained in the reduced-scale test and the two field tests were analyzed to evaluate the
effect of test conditions and the direction of movement of the target. When averaged
over the three tesos, the magnitude of the error was significantly smaller for incoming
aircraft (+55 meters) than for the outgoing aircraft 1 -165 meters).

Although not discussed by McCluskey, the analysis also indicated a statistically
significant interaction between the errors associated with flight direction and the repeated
tests. Although both field skill tests produced larger judgmental errors than the reduced-
scale test given utinediately following training, tht nature of the errors during the
full-scale tests and during the reduced-scale test differed.

In the reduced-scale test, errors of judging incoming and outgoing criterion ranges
were underestimations of the tnre criterion range. In contrast, the underestimation errors
associated with the outgoing distance increasead from approximately 75 yards, charac-
teristic of the reduced-scale test, to over 200 yards for the first full-scale test, and to
approximately 200 yards underestimation for the ,second i'ull-scale test. Paradoxically, the
judgmental errors for incoming aircraft shifted from a negligible underestimation for the
reduced-scale test to overestimations of approximately 50 meters for the first full-scale
test and more than 100 meters for the second full-scale test.

From these results, it appears that the refresher instruction given between the two
full-scale tests tended to increase the judgmental errors for inbound targets. When the
average estimation errors for the full-scale test administered 30 days following completion
of training are compared with the estimation errors for the obsrvers at the beginning of
training, it is apparent that the judgmental errors associated with outgoing targets
reverted to the levels chararteristic of untrained observers. In each in-stance, the observers
had average errors that underestimated the true criterion range by 150-200 aleters.

Paradoxically, the judgments during the retention test of the criterion range of
inbound targets (lid not revert to the error levels characteristi- of the observers at the
beginning of instruction. At the outset of training, the observrs' average errors h4d
fluctuated widely, from approximately 200 meters underestimation to essentially no
error. The initial retention test, however, was charaterized by a negligible avvrage error
in the estimation of criterion range for iabo~uid targets-

GREATER ERROR FOR OUTBOUND FLIGHT
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LABORATORY SIMULATION OF STADIMETRIC TASKS

In 1972, Ton reported laboratory experimentation that attempted to determine the
factors that cause underestimation of outgoing criterion distance.2 These experiments
used an electronic simulation of approaching and receding aircraft. The target was a
narrow horizontal bar presented on a cathode ray tube. The bar targets were programmed
to either increase or decrease in magnitude, and the rate of change in size (speed) could
be varied.

Observers viewed the target monocularly through a one-inch aperture. An illumi-
nated stadimetric aid having a horizontal subtense equal to the wingspan of an F-100
aircraft at 1,500 meters was positioned in a light-proof box between the observer's eye
and the cathode ray tube display. Observers were instructed to signal the coincidence of
the size (horizontal extent) of the variable target and the stadimetric standard.

Earlier, McCluskey (19) had hypothesized that the observed incoming-outgoing
difference in accuracy would decrease with decreasing aircraft speed, and as the range to
be estimated increased. This hypothesis was based upon an analysis of the rate of change
of aircraft subtended angle as it approached or receded from the observer. For an
inbound target and a criterion range of 1,500 meters, the rate of change of the visual
angle subtended by the horizontal dimension of an aircraft changes relatively slowly and
with a more or less linear rate prior to the criterion range. That is, the apparent
acceleration of the aircraft is constant anC low.

in contrast, for an outgoing target (receding stimulus size) the apparent size of the
aircraft experiences more rapid decelerations prior to the criterion range of 1,500 meters.
McCluskey speculated that the difference in rate of change of size of the target prior to
the criterion distance influenced the accuracy of judging the coincidence event, since the
observer presumably must anticipate the criterion (coincidence) event in order to
minimize errors in signaling such coincidence. Since, for outbound targets, the rate of
change in size of the aircraft is relatively great, it was hypothesized that the observers
would anticipate the coincidence evert earlier than they should or would if rate of
change was linear or low. The relationship between change of target size and target
distance is shown in Figure 8.

Ton conducted an experiment to test this hypothesis. He simulated target speeds at
200, 300, and 400 knots for approaching and receding aircraft. The direction of
movement ard speed were varied randomly over trials, and observers were instructed to
sig ial the coincidence event for both approaching and receding target sizes.

Averaged over all target speeds, the accuracy of the coincidence judgments for
inbound targets was quite high; the difference between the average error and the criterion
distance was not significant. There was, however, a significant average error for the
receding or outbound targets. On the average, judgments of the coincidence of the
receding and standard stimuli erred by a time interval that would produce a 200-meter
underestimation of criterion range. The magnitude of this error was comparable to that in
previous full-scale field studies. Variation in target speed, however, did not influence error
magnitude.

Since this approach to simulating the range estimation task did produce the differen-
tial error levels associated with ascending- and descending-sized targets, it may be inferred

2"An Investigation of the Sources of Error in Stadimttric Range Estimation," unpublikdwd manu-

script by William H. Ton, HumRRO Div. No. 5.
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Rate of Change of Aircraft Subtended Angle as a Function of Range,
Experiment II
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Figure 8

that the laboratory experiment did capture critical variables associated with full-scale
criterion range or judgments. Assuming that the laboratory simulation provided a valid
abstraction of a range estimation task, McCluskey's hypothesis concerning tile relationship
between error levels and aircraft speed is not supported by Ton.

Additional experiments are being conducted by the author of this report to evaluate
the effect that target motion or movement has on the accuracy of such coincidence
decisions. These studies will also examine the effect upon error rates of using different
types of stadimetric aids, since it is possible that the results obtained by McCluskey and
Ton are at least partially attributable to design characteristics of the device used for
making the comparison decision. In at least a portion of the future experiments, dynamic
target motion will be eliminated for some experimental comparison purposes, to be
substituted with graduated changes in target size.

FACTORS THAT AFFECT ACCURACY

A review of the available literature on distance estimation, criterion range judgments,
and stadimetric ranging (coincidence judgments) indicated that no research has found
error-free ranging behaviors. Although training methods and other factors have been
varied and relatively large numbers of subjects have been used (in some cases), the
average estimations for a group of observers always deviate significantly from the true
physical range or distance. Estimation errors associated with incoming vs. outbound, or
ascending vs. descending-sized tacgets have been discussed. Earlier research by McCluskey
et al. (18), which has already been discussed, included target elevation angle and ambient
illumination level as potential factors that might influence ranging accuracy.
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ILLUMINATION LEVEL

The one reported experiment on illumination level varied the amount of light
reaching the eye by requiring observations to be made through polarized glasses. Even
when the amount of light reaching the eye was attenuated by 95%, there was no effect
upon ranging errors, as compared with normal daylight illumination levels (18).

TARGET ALTITUDE

The effect of target elevation above the horizontal plane has been examined for only
a relatively short distance judgment-350 meters (18). After observers were trained to
estimate a criterion range of 350 meters, using targets with high and low elevation angles
and four different training procedures, the observers were tested for their accuracy in
estimating this range for targets with elevation angles of 9' and 550 above the horizon. In
this experiment, the average error magnitude associated with low targets (low visual
angles above the horizon) was greater than for high altitude targets.

The results of this experiment also suggested that the difference in estimation errors
associated with high and low elevation targets varied as the function of the method used
for teaching criterion range estimation. The observers used in this experiment had been
trained by several different training techniques: immediate reinforcement, paired-
associate, stadimetric, and uncontrolled practice. Although this aspect of the results was
not discussed by the authors (18), the estimation errors characteristic of the observers
who were trained to use a stadimetric technique for criterion range estimation showed a
pattern of errors that differed from that displayed by observers trained by the other
three techniques. Except for those trained in stadimetric methods, the high elevation
targets tended to produce larger errors in estimating inbound ranges than outbound,
particularly under conditions of low ambient illumination.

Just the opposite results occurred for the finger occlusion technique. However, with
this technique, the errors associated with low-altitude targets were greater for estimates of
inbound than outbound targets. Since this experiment was conducted early in the
research problem concerning the accuracy of distance estimation, the variation in the
error pattern that occurred for stadimetric ranging apparently was attributed to experi-
mental error or artifacts in the results. These early results, however, tend to be consistent
with later results obtained by the same researchers concerning the relative accuracy of
stadimetric estimates of outbound versus inbound criterion ranges.

ESTIMATION ACCURACY AND OTHER SKILLS

TIME ESTIMATION

In conjunction with Ton's research on the effect of target speed on the accuracy of
criterion range estimation, he also conducted studies to identify visual skills that may be
related to the accuracy of criterion range judgments. lie hypothesized that accurate
anticipation of the coincidence between variable and fixed stimuli was related to accuracy
in an individual's ability to estimate time intervals. I le hypothesized that correct anticipa-
tion of coincidence was based upon an accurate interpolation of target velocity based
upon its movement history. Perception of target velocity, in turn, was hypothesized to be
based on an internal integration of stimulus movement over time. That is, an individual
who possessed an a('curate "time-sense" would produce more accurate estimates of
coincidence events of the type associated with ,tadimetric ranging.
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Ton conducted two experiments that required the observer to duplicate the time
intervals that elapsed between two auditory signals, using 3ntervals of 8, 11, and 16
seconds. After the second signal was presented by the experimenter terminating the
standard interval, the observer was asked to initiate an identical interval by pressing a
switch and then performing a number cancellation task that was intended to prohibit
internalized counting. When the observer judged that the time interval was equal to that
presented by the experimenter, he again depressed a switch. The errors in duplicating the
presented time intervals were subsequently correlated with range estimation errors.
Neither experiment yielded a significant correlation between these perceptual measures.

FLICKER FUSION

Ton also investigated the relationship between range estimation errors and flicker
fusion, another measure of perceptual time-sense. The flicker fusion frequency is the
frequency at which an intermittent, or flickering, light is perceived as a steady light. Ton
used a circular flickering field that subtended 20 of visual angle against an illuminating
surround subtending 30' including a fixation point in the center of the flickering field.
Illumination of both the flickering target and its surround was fixed at 40 foot-lamberts.
With this apparatus, Ton measured the frequency at which the flickering light was
perceived, by each observer, as a steady light. The converse transition was also deter-
mined and the average frequencies were computed. These flicker frequencies were then
correlated with range estimation in two experiments, but neither experiment produced a
reliable correlation between these two perceptual measures.

PERCEPTUAL STYLE

Ton also studied the relationship between estimation and other visual-perceptual
measures, such as perceptual style and visual acuity, but again found no relationship
between these measures anci estimation errors.

Ton's results tend to suggest that variation among individuals in their ability to
estimate criterion ranges is unrelated to other aspects of visual or perceptual efficiency.
HoN'cver, supplementary analyses of Ton's results, by the present author, leave open the
possibility that variation in range estimation and accuracy within an individual is itself
highly variable. That is, the results obtained by Ton for his criterion estimation task
indicate that his various observers were relatively unreliable in judging the coincidence
events.

A reliability coefficient of approximately .57 was obtained through supplementary
statistical routines on Ton's analysis of variance results. Since the measure to be pre-
dicted, criterion range estimation, was not itself highly reliable, attempts to identify
factors related to stable differences among individuals in this skill would be thwarted.
Additional research concerning individual differences and ability to estimate criterion
range seems to be needed, using observers who, through training and practice, have
become stabilized in their ability to interpret their estimate of the coincidence event.
Only after individual errors in coincidence event determination have become stabilized
would it be possible to seek the identity of other factors that may be contributing to
variation among individuals in their judgments of criterion range events.
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